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INTRODUCTION
This report of the Science Advisory Board s Task Force on Ecological
Effects of Non-Phosphate Detergent Builders is the second in a series.

The

first report, published December 1978, deals in its entirety with the organic
builder nitrilotriacetic acid (NTA).

This second report deals with three

other important organic alternatives to phosphate -

citrate, carboxymethyloxy-

succinate (CMOS), and carboxymethyltartronate (CMT).
The Task Force was created because restrictions on detergent phosphates
have been used increasingly and result in releases to the environment of
alternative materials used by the detergent manufacturers.

The Task Force was

directed to examine the available information on the ecological effects of
these alternatives and to report on their ecological suitability.
of reference given to the Task Force by the Board are appended.

The terms
The Task

Force was constituted of scientists and engineers selected from those
technical areas that address known and potential environmental effects.

These

areas include aquatic chemistry, microbial degradation, wastewater management,
biological effects, and eutrophication.

To facilitate improved awareness of

unpublished data and ongoing research being conducted by industry and
government, liaison members were solicited from the United States and Canadian

Soap and Detergent Associations, and appropriate federal agencies within
Canada and the United States.

These liaison members are listed in the

appendix.
The procedure followed by the Task Force in its evaluation was to request
the liaison members to arrange presentations by industry and government
representatives.

In addition, the available literature was examined by the

Task Force and its members were assigned sections to write based on their
areas of expertise.

Sections of the report in draft form were circulated

among the Task Force members for review and comment, and outside technical

review was obtained from government and industry, and in some cases from
selected experts.

Those who participated are listed in the Appendix.

The

findings of the Task Force on the three organic builders are presented in the
following chapters, following the Conclusions and Recommendations.

CONCLUSIONS AND RECOMMENDATIONS
Throughout this report the assumption has been made that the builders will
represent a maximum of twenty-five percent of a detergent product, and that
average influent wastewater concentration for a builder will thus be 12 mg/L.
CITRATE
Citrate is a natural product which is biodegraded readily by many
organisms under aerobic and anaerobic wastewater treatment conditions, and in
the natural environment.
its biodegradation.
treatment.

High concentrations of Hg(II) and Cr(III) inhibit

No information is available on removal in physicochemical

When citrate is present it can interfere with precipitation of

phosphate by ferric chloride, alum, or lime.

Citrate concentrations expected

in the environment are safely below those known to be toxic, either
chronically or acutely.

Use of citrate as a builder is likely to have no

discernible effects on algal populations except in situations where heavy
metal inhibition of the algae is occurring.
Based on the above and on the evidence presented in the Report, the Task

Force believes that the use of citrate as a detergent builder will not be
detrimental to the environment.

Indeed, of the three builders considered in

this report, citrate is the most acceptable.

The group recommends, however,

that the following aspects of the behaviour of citrate be investigated more

fully:
1.

its ability to stimulate algal growth or to change algal competition
by chelating heavy metals in certain natural waters.

This should be

studied in systems large and complex enough so that the results of
algal competition and availability to herbivores can become evident;
2.

its interference with the chemical precipitation of phosphate;
particularly when chemicals are added early in treatment; and

3.

its removal during physicochemical treatment.

CMOS
CMOS, which does not occur in nature, is biodegraded by several
microorganisms provided sufficient time has elapsed for acclimation.
Degradation rates are slowed significantly by impairments of wastewater
treatment operations, low temperatures, or low concentrations of dissolved

oxygen.

Such conditions might cause loss of acclimation.

also inhibit or prevent degradation.

A number of metals

No information is available on its

removal during physicochemical treatment.

No information is available on the

effect of CMOS on precipitation of phosphate.

CMOS concentrations in the

environment would be below chronic or acute toxicity levels and CMOS does not
bioaccumulate to an important degree.
abundance

CMOS is unlikely to increase algal

except through its possible ability to form long-lasting chelates

with inhibitory metals.

Under such circumstances algal species composition

might be affected.

g

j

The Task Force believes that the use of CMOS as a detergent builder is not
likely to be detrimental to the environment.

However, before it is used

broadly on a large scale, several issues should be investigated:
1.

the degradation of metal chelates of CMOS and the acclimation period
necessary for the degradation to proceed in a wide variety of

environments;
2.

7

the effect of CMOS on dosages of chemicals used to precipitate
phosphate;

3.

the removal of CMOS during physicochemical treatment of wastewater;
and

4.

the ability of CMOS to stimulate algal growth or to change algal
competition by chelating heavy metals in natural waters.

This should

be studied in systems large and complex enough so that the results of
algal competition and availability to herbivores can become evident.

:

CMT
_CMT, which does not occur in nature, requires extended acclimation periods
before biodegradation occurs during aerobic wastewater treatment.

The

acclimation period is prolonged by lower temperatures and, in the natural
environment, in estuarine conditions.
fastidious and reguire biotin.

The microorganisms involved are

There is no evidence that biodegradation

occurs under anaerobic conditions.

Ditartronic acid, present as 7% impurity

of the builder, biodegrades in an erratic and incomplete manner.

Removal of

the builder during physicochemical treatment is likely to be poor.
Concentrations possible in the environment are not likely to be toxic to
organisms, nor is CMT likely to increase abundance of algae.

However, it

might affect algal species composition.
Primarily because of the difficulty of biodegradation, and the uncertainty
of the fate and effects of its impurities,

the Task Force cannot endorse the

use of CMT as a detergent builder at this time.

AQUATIC CHEMISTRY
INTRODUCTION

The dominant chemical characteristic of organic detergent builde
rs, and

the principal reason for their use in detergents, is their
ability to form
soluble complexes with polyvalent metal ions. Release of these
substances to
the aquatic environment can alter the forms and amounts of
trace metals in
natural waters. These effects on metal speciation may in turn
influence the

growth rates and forms of phytoplankton. The extent to which
environmental
quality may be affected is expected to depend on many factors
including, for
example, the biodegradability of the organic chelator. ObserV
ed effects, both
in laboratory and field experiments, are diverse and in many
cases apparently
in conflict.
EQUILIBRIUM CHEMISTRY
Some representative thermodynamic data for the three organic
builders,

citric acid (C5H307), CMOS (carboxymethyloxysuccinate, C5H907), and
GMT
(76% carboxymethyltartronate, CsH607), are presented in Table 1. Based

on

these data, the proton transfer and metal complex forming capabi
lities of
these substances are similar. All can donate three protons.
All are weaker
complex formers than NTA and EDTA. All exist predominantly as unprot
onated
species at neutral and alkaline pH. Because these substances
are unprotonated

1

in the pH range of use with detergents (pH 9 to 11), they can be
expected to
require a second builder to provide buffer capacity in most washin
g
applications.

CMT contains about 7 percent ditartronate, which has four carboxy
l groups
that can interact with protons and metals. This substance thus has
different
proton chemistry and hence different buffering capabilities than
carboxymethyl
tartronate. It should also have stronger metal binding capabilities
than the
other organic builders considered in Table 1.

TABLE 1.

EQUILIBRIUM CONSTANTS (-109K) OF ORGANIC BUILDERS*

METAL

CITRATE

cmos

CMT **

H+, pK1
pK2
pK3
Mg2+
Ca2+

3.1
4.8
6.4
3.4
3.6

2.5
3.8
5.0
2.7
3.9

1.7
3.3
4.4
2.8
4.6

Mn2+
Fe2+
Cd2+

3.7
3.1
5.0

sz+
2n2+

6.5
5.0

N12+
Cu2+

ng+

Fe3+

3.1
-

5.4
5.9

5.0
6.4

5.5
-

10.9

5.5

11.4

*These data are from severai sources.

3.8
3.7
3.9

3.8
5.2

6.0
4.9

-

-

For most cases, ionic strength is about

0.1 and T is 20 to 25°C. Citrate data primarily from Lerman
and Chi1ds
(1973), CMOS and CMT data suppiied by manufacturers. Reactions
for protons

are H3Y+H20 = H2Y+H30+, pKl, etc.

Me2+ + Y3 = Mevz 3, pKM.

Reactions with metaIs are

**These data are for 100% active carboxymethyltartronate.
active by weight.

CMT is about 76%

The equilibrium composition of a solution consisting of a mixture of

metals (e.g., Ca(II), Mg(II), Cu(II), Pb(II), H(I)) and ligands (e.g.,
citrate, humic substances, C03'2, OH") is established by competition among
many reactions including proton transfer, complex formation, precipitation,

redox, and adsorption equilibria.

The mathematical complexity of the
resulting calculations has been resolved by the use of computers to solve the
equilibrium equations involved. The chemical complexities of the problem can

include a lack of reliable thermodynamic data for the reactions involved and
the extent to which reaction kinetics negate an equilibrium approach.
A good example of the application of thermodynamics and kinetics to
predict the effect of organic detergent builders is provided by Lerman and
Childs (1973).

For citrate, these authors predict that the complexes of

citrate with Fe(III) and Cu(III) will predominate in waters with a major ion
composition similar to the Great Lakes and a pH of 8. Complexes of citrate
with Pb(II), Ni(II), and Zn(II) may also be formed. Since the thermodynamic
data for CMOS and CMT are similar to those for citrate (Table l), the results
of the analyses by Lerman and Childs for citrate may be applied qualitatively
to CMOS and CMT.

TRACE METAL-CHELATOR INTERACTIONS AND EFFECTS
An important effect of organic detergent builders on the environment may
be expected to result from the interactions of these chelators with trace
metals, and the subsequent effects of changes in metal speciation on
phytoplankton growth (see section on Eutrophication). In this summary, the
possible effects of organic chelators are examined in two simplified (model)

systems, and possible biological effects are suggested.
CASE I:

Consider a lake into which a metal of interest has been continuously

introduced.

Assume that none of this metal is deposited in the sediments,

gt

that the lake can be described as a completely mixed box
the system has reached a steady state.

or reactor and that

Let the total metal concentration

in the inflow to the lake be [MeT1i the total metal concentration in the

outflow be [MeT]0, and the total metal concentration in the lake be [MeT]1.
Since the lake is completely mixed, [Me-r]0 = [MeT]1. Since no metal is removed

by deposition, [MeT]1= [MeT]0; assume that these are lO'SM, a concentration
app]icab]e to the Great Lakes.

A tota] meta] concentration is comprised of

the sum of the concentrations of the so]ub]e species, such as [MeT] = [Mez] +
[MeOHZ'l] + [MeCOaz Z] + etc. Here 2 is the charge of the free meta] species
(e.g., for Cu2+, z

= 2).

Next, add an organic che]ator to the system, a]so at tota] concentration
[CHELT] of 10 5M.

Here, [CHELT] = [CHEL-Y] + [HCHELI Y

[MeCHELZ'Y] + etc.

+ [H2CHEL2'Y

+

The symbo] y is the charge of the uncomp]exed ]igand

(e.g. for citrate, y = 3).

Suppose that this che]ator forms strong comp]exes

with the meta], so that [CHELT] E [MeCHELZ'Y] 5 [MeT]O = lO'GM.
The tota] concentration of meta] in the ]ake wi]] remain unchanged at
10'5M.

However, the concentration of free meta] wi]] be reduced

substantia]]y, by severa] orders of magnitude.

The concentration of free

che]ator [CHEL'y] wi]] a]so be sma]].
These changes can have bio]ogica] effects.

For examp]e, Sunda and

Gui]]ard (1976) and Anderson and More] (1978) have demonstrated that the
activity of free cupric ion unique]y determines the copper toxicity for
severa] a]ga] species.
Morgan (1978).

Simi]ar resu]ts have been ca]cu]ated by Jackson and

These resu]ts indicate that the formation of meta]-che]ate

compTexes can stimu]ate phytop]ankton activity that has otherwise been
repressed by toxic meta] ion activity, and can a]so ]ead to shifts in a]ga]
speciation from to]erant to sensitive species.

For the examp]e discussed

here, in which the addition of the organic cheTator does not affect [MeT]1,
the tota] concentration in the ]ake but substantia]]y reduces [Mel], effects

such as these are p]ausib]e.
The biodegradabi]ity of the che]ator is an important factor in this
ana]ysis.

If the organic detergent bui]der is biodegradabTe, then the effects

of the che]ator on meta] ion speciation and on phytop]ankton wi]] disappear as
it is degraded.

Rapid]y degradab]e bui]ders wi]] produce neg]igib]e effects.

An important associated question is the effect of meta]s on the
biodegradabi]ity of the organic bui]der.

Many experiments give confTicting

]0

a

One factor that may affect the biodegradability of a metal-organic
complex is its rate of dissociation. The following example is taken from
Jackson and Morgan (1978). Consider the Fe(III)-EDTA interaction at pH 8.
results.

Fe(OH): + HEDTAS'

< '

Fe(EDTA)0H2

+

H20

k2

The effective equilibrium constant (K) for this reaction is about 101 .

If

the association reaction is rapid, so that k1 is in the order of 106Moles/s,

then the dissociation rate constant, k2, is k1/K=(105/101 ) or about 10'85'1.
This indicates a half time for the dissociation reaction of about 2 years.

In

this analysis, the dissociation is related to the equilibrium constant for
the

formation of the complex.

Large equilibrium constants suggest slow

dissociation rates.

This simple analysis indicates that strong metal chelators such as EDTA
can form metal complexes that dissociate slowly.
If uncomplexed EDTA (i.e.,
EDTA that has not formed ring structures with metal ions) is biodegradable
while metal-EDTA chelate complexes are not degradable, then the kinetics of

biodegradation may be related to the kinetics of dissociation of the
metal ligand complex.

This analysis suggests that citrate, CMOS, and CMT should be biodegradable
for all metal-organic interactions presented in Table l with the possible

exception of Hg(II)-citrate and Fe(III) Citrate, since K/k1 is a second or

less for k1 = 106 Moles/s.

Other calculations indicate that such a

Hg citrate complex will exist only in very low concentrations since Hg will
form hydroxomercuric complexes at neUtral pH.
CASE II:

Consider a lake similar to that in Case 1, save that the metal of
interest is removed in substantial quantities by deposition in the sediments.
Let [MeT1i = 10 5M as before. If it is assumed that 90 percent of the metal

ll

is retained in the lake sediments, then at a steady state,

10'7M.

[MET]1 = [MET]O=

Many possible pathways exist for incorporating Me into a solid

phase and depositing it in the sediments; assume that a precipitate, MeA(S),
is formed.

x

The following reaction for the solid can be written:
MeA(s) _ ME Z + A 'y

(K50)

If the concentration of the anion [A'y] >> [MeT],

[Mel] = Kso = Kgo
[A y]

This would describe, for example, the Cd2+ concentration in a water

containing sufficient C0§2to precipitate CdC03(s) and in which [C032] >>
[Cd2+].

Under these conditions the activity of the free metal ion is

controlled by the presence of the solid phase.

Next, add an organic chelator into the system, in this case at [CHELT] =
10'7M. Consider that this chelator forms strong complexes with the metal.
At equilibrium, (1) the total concentration of metal, [MET]1, will double

to 2 x 10'7M, as some of the Me A(s) dissolves, (2) the deposition of Me
in the lake will be reduced from 90 percent to 80 percent, (3) the activity of
the free metal, [MEZ], will remain unchanged, and (4) the chelator will be

complexed with the metal so that [CHELTl 3 [MeCHELZ Y].

Under these

circumstances, the organic chelator would have no effects on phytoplankton

growth rates or speciation by mechanisms associated with the metals.
These effects are also related to the biodegradability of the chelator
and, as before, may be affected by the kinetics of dissociation of the

ME-CHELZ'y complex.

l2

SUMMARY
The following points are emphasized:
1.

The aquatic chemistry of organic detergent builders is dominated by
their ability to form metal-chelate complexes.

2.

It is a reasonable extrapolation of available evidence to consider
that organic chelators can control the activity of toxic free metal
ions in some natural waters, and hence affect phytoplankton growth
rates and speciation.

3.

Biodegradability may be related to the kinetics of dissociation of
metal-chelate complexes.

4.

This is suggestive and preliminary.

Effects of organic builders on the aquatic environment can be
expected to be site-specific, and related to such factors as the type
and extent of metal deposition that occurs prior to addition of the
chelator.

For example, metal deposition is expected to reduce the

influence of a chelator by buffering soluble free metal
concentrations.
5.

Major problems of these types are not anticipated for citrate, CMOS,
and carboxymethyltartronate, because of the relatively weak
metal-binding affinity of these substances.

Some questions arise

-with ditartronate, a minor component of CMT, but information is not

available to assess them.
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MICROBIOLOGY AND BIOCHEMISTRY OF DEGRADATION
The chemistry of the three organic compounds and the impurities present in
builders with

them has been discussed in the previous section.

Of note is the

fact that CMOS and CMT and its attendant impurities, diglycolate and
ditartronate, do not occur

naturally. All are aliphatic ethers.

Citrate, on

the other hand, contains no ether linkage and its status as a natural product
is well established.
MICROBIOLOGY OF DEGRADING ORGANISMS
To attempt to list all microorganisms capable of utilizing citrate for
growth, or able to oxidize citrate, would be a major task because citrate is
such a central metabolite in metabolic processes.

The basis for this

widespread distribution is the occurrence of the citric acid or tricarboxylic
acid cycle either in an intact form or in its various modifications in most
aerobic organisms.

Furthermore a number of biological systems such as citrus

fruits are producers of citric acid.

for which

Citrate, therefore,

is a natural product

there are a large number of microbial agents available for its

degradation.

The controversy many years ago as to whether bacteria did in

fact possess the tricarboxylic acid (TCA) cycle was resolved when it was
demonstrated that a number of organisms possessed functioning TCA cycle
enzymes but lacked the ability to oxidize citrate when it was provided
exogenously because they possessed no transport mechanism for citrate uptake
(Swim and Krampitz, 1954).

Even though some organisms are impermeable to

citrate a variety of species have
transport mechanisms.

been shown to elaborate citrate-specific

Of note too is the finding that citrate readily

supports anaerobic growth as well as growth of aerobic organisms (Cody and

Tisher, 1963; Brewer and Werkman, 1939; Dagley, 1954; Dagley and Dawes, 1953;
O'Brien and Stern, 1969) showing that the availability of dissolved oxygen
need not be a factor limiting citrate degradation.
Degradation of CMOS by a pure culture of what is apparently a species of

15

Zooglea, an aerobic organism frequently found in the flocs of treatment
plants, has been described (Peterson and Llaneza, 1974).

This organism was

isolated from semi continuous activated sludge units degrading CMOS, a process
which required 3-5 days for acclimation (Lever, 1977).

Other microorganisms

such as species of Pseudomonas that grow in pure culture at the expense of
CMOS have also been isolated by research workers at Lever and by Dr. Cain,
University of Canterbury, England (in a research program supported by Lever;
Weaver, personal communication, about Cain's progress reports).

Recent work

in Cain's laboratory has also led to the isolation of CMOS-degrading bacteria
from saline environments.

The organisms isolated include yeasts, gram-

positive cocci and gram-negative rods.

Certain of these are also capable of

growth with compounds structurally related to CMOS such as methyl-substituted
and carboxymethyl substituted derivatives (where the substitution is on the
methylene adjacent to the ether oxygen).

These results give no indication

that isolation of such organisms was a difficult problem suggesting,
therefore, that they are isolated readily.

When a variety of bacteria able to

grow with a given organic compound can be readily isolated it is generally a
reliable indication that the compound in question is readily biodegradable.
While there are no reports of isolation of pure cultures of anaerobic
organisms utilizing CMOS, the prompt degradation of this material in anaerobic
digestors (Viccaro and Ambye, 1977) suggests either that such organisms may be
isolated readily or that suitable microbial communities are established
readily.

The impurities in CMOS-maleic, fumaric and glycolic acids-are all
compounds that support the growth of numerous microorganisms in soil and
water.

For example numerous strains from the genus Pseudomonas possess the

ability to grow with these compounds as sole sources of carbon (Stanier gt_al.
1966).
By

contrast, organisms isolated for ability to grow with CMT as sole
carbon source were obtained less readily from continuous-feed activated sludge

units, which required up

to eight weeks before acclimation (Monsanto, 1978).
Their isolation was accomplished when it was realized that the organisms
responsible for CMT degradation were fastidious and possessed a requirement
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for debiotin.

Provision of this co-factor allowed isolation of organisms

identified as species of Mycobacterium (Gledhill, personal communication).
Organisms able to utilize either diglycolate or ditartronate appear to have
been_isolated but not characterized further (Gledhill, personal communication).

The routes by which citrate, CMOS, and CMT are degraded are based on
studies with pure cultures of organisms which degrade these compounds. Since
the pathway described for CMT is that found in isolates from only one genus it
may not be the only degradative route available for microbial dissimilation of
this material. 0n the other hand studies with different citrate- and
CMOS-degrading organisms have been conducted and suggest that the pathways
elucidated are those which serve generally in the microbial dissimilation of
these compounds.
BIOCHEMISTRY 0F DEGRADATION

i)

UPTAKE BY MICROORGANISMS

The transport of low molecular weight compounds across the membrane of
bacterial cells frequently involves specific transport mechanisms which can
concentrate these materials against a prevailing concentration gradient.

For

citrate uptake it is known that certain organisms such as Bacillus subtilis

(Willecke and Pardee, 1971), Azotobacter vinelandii (Postma and Van Dam,
1971), Aerobacter (Enterobacter) cloacae and Aerobacter (Enterobacter)

,

aerogenes synthesize specific citrate-transport components only when citrate
is present (Arima gt al. 1972; Villarreal and Ruiz-Herrera, 1969). Those
organisms unable to elaborate these transport systems are, as a consequence,

unable to degrade citrate.

The number and variety of organisms which can

produce these systems, however, as evidenced by their ability to grow with

J!

citrate as sole carbon source, is great and would place no limitation on
citrate dissimilation in virtually any environment where microbial life can
exist.

The uptake of compounds such as CMOS and GMT by bacteria is likely to
involve similar types of translocation mechanisms. In view of their

structural similarities to citrate they might even "borrow" the citrate

transport mechanism if they are capable of eliciting the synthesis of the
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necessary membrane proteins.

A recent communication from Cain's laboratory

(Cain and King, 1979) suggests that uptake of a range of detergent-builders
may occur via the citrate-transport system.

Information on this point is

meagre and must await the report of additional experimental work.

ii)

AEROBIC DEGRADATION:

4

PATHWAYS AND ENZYMES

a

As mentioned earlier citrate metabolism is readily accomplished by
microorganisms which possess the enzymes of the tricarboxylic acid cycle;
since many aerobic organisms possess this system the only

factor which might

otherwise limit citrate degradation is the readiness with which citrate can
enter such cells and reach the enzymes of this system.
referred to mechanisms for citrate uptake.

The previous section

Description of the events of the

tricarboxylic acid cycle will not be attempted here since this reaction
sequence can be found in most modern biology texts.

It is sufficient to state

that in one turn of this cycle citrate can be oxidized to another intermediary
metabolite, oxaloacetate, via a sequence involving half a dozen or so

intermediates. Under some circumstances this pathway may be modified.

In the

presence of acetate, or of compounds which are degraded largely to acetate,
microorganisms can also form ancillary enzymes which constitute a

supplementary sequence called the 'glyoxylate by-pass' (Kornberg and Krebs,
1957). This sequence in no way diminishes the capacity of cells to

dissimilate citrate.

Other microorganisms are known to have an incomplete

tricarboxylic acid cycle; such organisms, which include a variety of
chemolithotrophic and photolithotrophic bacteria and blue green algae, are not
generally important agents in the degradation of organic compounds.

CMOS degradation has been studied in a species of Zooglea at the enzymic
level by Peterson and Llaneza (1974) and also by Cain and his associates with

other organisms (personally communicated by Dr. Weaver).

The results of both

groups indicate that CMOS is cleaved by a greliminase-type enzyme to give
glycolic and fumaric acids. The trans nature of the latter product is a

further indication that the reaction catalyzed may in fact be a trans
B-elimination.
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The closest known analogies to reactions of this type are catalyzed by
bacterial eliminase-enzymes which act on uronic acid polymers such as
hyaluronic and pectic acids to give aB-unsaturated carboxylic acids
(Ludeweig £3 31. 1961; Starr and Moran, 1962).

Other reactions having similar

mechanisms are those which catalyze the trans elimination of water, rather
than of organic hydroxy compounds, as for example the dehydration of L-malic
acid to fumaric acid.

Of special note is the fact that cleavage of the

aliphatic ether bond is accomplished without a requirement for oxygen (a
requirement which is known to apply in an alternative ether-cleaving mechanism
found in bacteria acting on alkyl ethers of phenols).

Such an eliminase

reaction therefore can function equally well aerobically or anaerobically.
This contrasts with the aerobic degradation of NTA by bacteria where oxygen is
required as cosubstrate in early reactions (Firestone and Tiedje, 1978).

The

products of the reaction (which also happen to be the impurities, fumaric and
glycolic acids) are both natural products and readily metabolizable compounds
known to support the growth of different microorganisms.

Details of the reactions employed by the Mycobacterium species to degrade
CMT are not yet fully elucidated.

Preliminary information suggests that

malonic acid is one reaction product with glycolic acid suspected as the other
fragment (Gledhill, 1976).

If these are in fact the immediate products of CMT

'1

attack, then a novel reductive reaction for ether cleavage occurs in the

organism studied and warrants further study from both a chemical and a
biochemical standpoint.

This is so because the apparent reaction cannot be
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described as a B-elimination, does not qualify as a reaction initiated by

oxygen incorporation and is not a simple hydrolysis. Any further speculation
about the precise mechanisms involved must await a more complete description

of the enzyme-catalyzed reaction which initiates attack on GMT.
No information is available to show how the significant impurities present
in GMT, diglycolate and ditartronate, undergo degradation since there do not
appear to be any reports describing microorganisms capable of growth at the
expense of these compounds.

Apart from the purification of the enzymes, aconitase, citrate lyase, and
isocitrate lyase from different bacteria for studies of their biochemical
properties, there are no reported purifications of enzymes which act on the
other nitrogen-free organic builders.
iii) STRUCTURALLY RELATED COMPOUNDS AND THEIR REACTIONS
The relevance of this area of discussion to the present and future
potential of bacteria to evolve new degradative abilities was discussed in the
corresponding chapter on Biochemistry and Microbiology of NTA Degradation (IJC
Final Report on NTA, 1978).

The reactions which citrate undergoes in

biological systems are all examples of classes of biochemical reactions
encountered with structurally related compounds.

Thus the dehydration and

rehydration effected by aconitase, and the aldolase type cleavages brought
about by isocitrate lyase and citrate lyase have their enzymic counterparts
acting on structurally similar biological metabolites.

Similarly the enzyme,

isocitrate dehydrogenase, catalyzes a reaction of oxidative decarboxylation of
a type

known to occur in other systems.

CMOS and CMT both possess a structural feature, the oxygen~containing
ether linkage, which requires biochemical cleavage before extensive
degradation can occur.

While a number of similar 0~dialkyl ethers are

recognized as natural products little is known of the biological mechanism of
ether-bond cleavage for this class of compounds.

Interest in the biological

reactions of this functional group derives also from the fact that it is found
in the polyethylene glycols and other synthetic ethers.
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It is in fact

4

e

accurate to state that of the various dialkyl ethers studied the work on CMOS
provides one of the more complete pictures of how these compounds are
degraded.
.

It should not be forgotten, however, that CMOS does possess its

ether function on a carbon in a position 8- to one of its carboxyl groups
and this places this compound in a rather special category of aliphatic ethers
with close counterparts found among the uronic acid polymers.
CMT has its ether function in a position a- to either carboxyl and has
therefore to be considered as a member of a somewhat different class of ethers
from that which includes CMOS, with predictably different chemical susceptibility or reactivity.

As mentioned above available evidence suggests that a

novel reaction may be involved but lack of information about the biochemical
reaction accomplishing its cleavage limits discussion of related systems and
reactions.

ANAEROBIC DEGRADATION
With the exception of citrate there are no reports of studies of the
anaerobic degradation of organic builders which reveal whether their degradation is accomplished by reactions different from those outlined above.

For

CMT this would appear to be a difficult problem to address since its degradation did not take place in anaerobic digestors (Monsanto, 1978). CMOS, on
the other hand, was completely degraded in anaerobic digesters after a lag of
about one week as assessed by disappearance of 1 C- labelled CMOS and by

its conversion to 1 C02 and 1"CH.. (Viccaro and Ambye, 1977).

While no

information is available to show the biochemical reactions involved, it was

shown earlier in this account that the cleavage reaction for CMOS in aerobic
organisms had no oxygen requirement and could, therefore, provide a route by
which CMOS is degraded with equal facility under aerobic and anaerobic

Interestingly one of the products, fumarate, can serve as an
electron acceptor in anaerobic respiration and can itself be degraded by the
conditons.

same general process if alternative electron acceptors are available.
Glycolate can undergo many reactions in biological systems for which oxygen is
not an obligatory cosubstrate.

It can, for example, be converted to pyruvic

acid, by reactions which function as readily anaerobically as aerobically
(Kornberg and Gotto, 1961).
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The most completely described mechanism for citrate degradation, under
anaerobic conditions,

is that found in enteric bacteria such as Enterobacter

aerogenes, Escherichia coli and related organisms which degrade citrate as a
fermentable substrate in the absence of exogenous electron acceptors (Dagley,
1954).

The same mechanism is involved in citrate utilization by the

photosynthetic bacterium, Rhodopseudomonas gelatinosa (Beuscher 23 a1. 1974).
An enzyme is induced in a specific fashion by anaerobic growth with citrate
which catalyzes the cleavage of citrate to oxalacetate and acetate; these
simple compounds can be degraded further by anaerobic processes.

In the

presence of external electron acceptors such as nitrate or fumarate many
organisms can switch their fermentative metabolism over to anaerobic
respiration and accomplish considerably more mineralization as a result.
SUMMARY
i) Citrate is readily biodegradable under most conditions where microbial
life can exist principally because it is a natural product and a central
intermediary metabolite in most biological systems.

A wide variety of

bacteria, both aerobic and anaerobic, are known which possess the necessary
systems for citrate uptake and metabolism.
ii) CMOS is somewhat less readily biodegraded than is citrate as indicated
by

the longer times required before its disappearance can be shown.

Nonetheless a variety of bacterial strains have been isolated which can
utilize it as sole carbon source.

Its degradation to simple biochemical

fragments is brought about by a single enzyme system which does not require
molecular oxygen.

Consequently this aspect of its biodegradation places no

constraint upon the ability of bacteria to dissimilate the compound under
anaerobic as well as aerobic conditions.
iii) 0f the three builders CMT appears to be the least biodegradable.
Extended periods of time, up to eight weeks, are required before microbial
communities are established to effect its degradation.

From such communities

only one type of bacterial isolate, identified as a species of Mycobacterium,
could be isolated.

These organisms are characteristically slow-growing and
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the strains studied here also required a cofactor in order to grow.
Consequently degradation of CMT may depend on a limited and fastidious
microflora.

Anaerobic degradation of CMT has not been observed.

Details of

the enzymology of its degradation are not yet available and therefore do not
permit speculation about the functioning of such a system under anaerobic
conditions.
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EFFECTS ON MANAGEMENT OF
MUNICIPAL WASTEWATERS
INTRODUCTION
Evaluation of the possible environmental effects of organic detergent
builders requires consideration of both the effect of wastewater treatment
processes on organic builders and the influence of the organic builders on the
performance of wastewater treatment facilities.
by

The evaluation is complicated

the fact that a large variety of physical, chemical, and biological

wastewater treatment processes are currently in use and may be anticipated to
be used in the future.

Futhermore, household wastewater management systems

(as opposed to municipal systems) are used in many rural and suburban areas of
the North American continent.

Anticipated effects of these municipal and

household systems on organic builders and of the builders on the treatment
systems are considered in this Chapter.
REMOVAL DURING TREATMENT
PRIMARY TREATMENT
No information on removal of citrate, CMOS, or CMT in primary wastewater
treatment is known to exist and their loss by association with sedimenting
solid particles would not be expected to be prevalent.

For example, because

very little CMOS removal occurred in septic tanks, Klein and Jenkins (1972)
inferred that CMOS was poorly sorbed on sewage particles.

Furthermore, in

studies of anaerobic digestion of primary sludge, Viccaro and Ambye (1977)
found that only 1.9 percent of added CMOS was associated with the sludge
solids, and they attributed this to biological assimilation.

Finally Monsanto

(1978) reported that only small amounts of CMT adsorbed on primary sludge

'I

solids.
If removal of the organic builders does not occur, effluent from primary
treatment facilities will contain them at the influent concentration.
Furthermore, the liquid phase of sludge withdrawn from primary sedimentation

27

basins will contain the organic builders at about the same concentration as
existed in the raw wastewater. Thus, the organic builders would reach sludge
treatment processes and, unless builders were removed by those processes, they

would be conveyed to ultimate sludge utilization or disposal sites.
AEROBIC BIOLOGICAL TREATMENT

Aerobic biological processes represent by far the most prevalent current
and anticipated future means for secondary municipal wastewater treatment

(U.S. Environmental Protection Agency, 1977) and may be expected to have the
greatest influence on the amount of organic detergent builders released to the

environment.

Less concern exists about the biodegradability of citrate than of the
other two organic builders considered in this report (see previous section
).
Citric acid is a constituent of human urine (Thunberg, 1953) and is found in
raw sewage (Painter and Viney, 1959). It is also a common metabolic
intermediate.

Citrate degradation occurs in aerobic biological wastewater
treatment plants whether or not citrate is used as a detergent builder.

Effective removal of citrate in aerobic biological processes would be
expected

without the need for prior acclimation, and, indeed, experience has confirm
ed
this(Shannon and Kamp, 1973).

On the other hand, while Viccaro and Ambye (1977) have generalized that
"CMOS is readily and completely biodegradable in aerobic environments",
prior
acclimation of biological populations to CMOS is necessary (see previou
s
section). In a study reported to the Task Force by Lever (1977),
respirometer
data indicated no degradation of CMOS by an unacclimated activated
sludge, but
in parallel studies with adapted sludges significant removals
occurred. In
laboratory activated sludge systems described by Lever, acclimation
(greater

than 95 percent CMOS degradation) was achieved in 5 days at 15°C
and 7 days
at 5°C. The need for adaptation of biological populations to CMOS
in
wastewater treatment is illustrated by plant-scale data presen
ted by Lever
(1977).

At a New Jersey activated sludge wastewater treatment plant,
a

maximum of 30 percent CMOS was removed during a 7-day study period
.

Klein and

Jenkins (1972) reported that 140 days were required before remova
l of CMOS
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occurred in an oxidation pond receiving 15 mg/L of CMOS.

Removals approaching

90 percent were not realized in a pond receiving 30 mg/L of CMOS until after
185 days. Klein and Jenkins attributed the long period of acclimation
required to low temperatures at the beginning of the experiment, and concluded
that CMOS degradation was virtually complete in well operated oxidation ponds
at temperatures of about 6°C or more.

It must be noted, however, that

because of their Jarge surface area, shallow depth, and long retention time,

oxidation ponds located in high latitudes characteristically operate at low
temperatures during extended periods of the year.

Acclimation to CMOS was found in the Lever (1977) studies to be influenced
adversely by low dissolved oxygen concentrations. When semi-continuous

activated sludge units were operated in the laboratory at dissolved oxygen
concentrations of 0.8 mg/L, 11 days were required for CMOS adaptation, while
the same degree of degradation was achieved within 2 to 3 days when the
dissolved oxygen concentration approached saturation (about 8 mg/L). This
effect of dissolved oxygen on acclimation could be significant in many
biological wastewater treatment processes.
Indeed, the.lack of success in
achieving acclimation to CMOS at the New Jersey activated sludge treatment

plant was suspected to have been caused by low dissolved oxygen concentrations
(Lever, 1977). Low dissolved oxygen concentrations are common in municipal
activated sludge wastewater treatment plants either because of limited
oxygenation capacity or because plant managers recognize that maximum gas

transfer efficiency (and minimum energy

consumption) is achieved by operating

at low dissolved oxygen concentrations.

Aside from the recent suggestion

(Sezgin £3 31. 1978) that low dissolved oxygen concentrations might cause
adverse activated sludge settleability, maintenance of relatively low
dissolved oxygen concentrations in aeration tanks at activated sludge plants
has not been considered to be undesirable - indeed, it is an operational goal

at

at many plants.

While available information indicates that properly controlled acclimated
aerobic wastewater treatment systems can be operated under steady state
conditions with high degrees of CMOS removal, real wastewater treatment plants
operate with significant variation in parameters which could influence the
maintenance of a population of organisms acclimated to CMOS.

29

Thus, if CMOS is

used as a detergent builder it should be with
the realization that CMOS would,
at times, be discharged from aerobic biologic
al wastewater treatment plants at
essentially the same concentration as contained
in the raw sewage. Because of

the influences of variables such as wast
ewater flow rate, temperature, and

dissolved oxygen concentration, difficulties
in achieving and continuously
maintaining an acclimated population of
organisms capable of degrading CMOS
would seem inevitable at some locations.

-

As indicated in the previous section, esse
ntially complete removal of CMT
in laboratory biological treatment units has
been demonstrated - but only
after substantial periods of acclimation
(Monsanto, 1978). In controlled,
semi-continuous laboratory activated sludge
units, acclimation times on the
order of 4 to 9 weeks were reported. Seve
n to ten weeks of acclimation were
reported to be necessary in controlled cont
inuous flow units receiving raw
sewage with 25 mg/L of added CMT. Temperat
ure influenced acclimation time in activated slude units in which acclimat
ion was achieved in 5 weeks at 18 to
20°C, 17 weeks was required to achieve accl
imation at 6°C. Similarly,
Barth, 33 a1. (1979) found that an accl
imation period of 14 weeks was required
before effluent degradation of carboxym
ethyltartronate (the major constituent

of CMT) occurred.

An impurity in CMT, diglycolate, is repo
rted by Monsanto (1978) to be
biodegradable. Monsanto also has repo
rted that a second impurity,
ditartronate, which comprises 7 perc
ent of the total polycarboxylate cont
ent

of CMT, is not biologically degr
aded under aerobic conditions.

Available information on CMT indicate
s that the same cautions contained in
the discussion of CMOS concerning the
inevitable discharge of the organic
builder from aerobic biological wastewat
er treatment plants apply to the
carboxymethyltartronate and diglycol
ate contents of CMT. Furthermore,
additional caution should be noted
because of the apparently longer peri
ods of
time required to achieve acclimation
to carboxymethyltartronate, and beca
use
no removal of ditartronate apparent
ly can be expected in aerobic biol
ogical

treatment facilities.

It should be noted that the biodegra
dability of the three builders migh
t
3O
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be altered by complexation with heavy metals.

This subject is discussed in

the next section.

PHYSICOCHEMICAL TREATMENT

At some municipal treatment plants, physicochemical processes are used in
place of more conventional biological processes. Such a plant, might make use
of such processes as chemical coagulation for removal of colloidal and
suspended particles, chemical precipitation for phosphorus removal, adsorption
on activated carbon, etc.

While some biological removal of biodegradable

builders might occur at such plants by acclimated populations established
within the activated carbon adsorption system, it is of interest to consider
removal of the builders by the physical and chemical mechanisms.
Monsanto (1978) reported that activated carbon was capable of removing
less than 20 percent of CMT. Ninety percent removal of carboxymethyltartronate (the-major constituent of CMT) was reported by Barth, gt_al. (1978)
when the pH was 3, but much lower degrees of removal were achieved at pH
values more typically found in wastewater treatment plants. Data on removal

of other organic builders by activated carbon are not known to exist. Based
on structural similarities of citrate and CMOS to CMT, significant removal of
them by activated carbon adsorption would not be expected to occur.
SLUDGE MANAGEMENT PROCESSES

The treatment processes considered in the previous three sections all
produce residues consisting of suspensions of solids in liquid (sludges).

As

described in previous sections, the extent to which the three organic builders

would be included preferentially in the solid phase of sludges is unknown, but
is likely to be slight. However, the liquid phase of the sludges would
contain the builders at the concentrations at which they existed in the
treatment process from which the sludge was produced.

In the case of primary

treatment, physicochemical processes, or unacclimated biological processes for
CMOS or CMT this concentration would be assumed to be essentially that of the
raw wastewater.

31

Sludge management processes which might be expected to have some effect on
the builders include biological stabilization and combustion. It is assumed
that the builders would be destroyed in combustion, and that their fate in

aerobic biological stabilization would be the same as described earlier
for
aerobic biological treatment. The fate of the three builders in anaerobic

digestion, a common means for biological stabilization of sludges, remains
to
be considered.

Difficulties with biological degradation of citrate under anaerob
ic
conditions would not be expected (previous section) and are not known
to have
been experienced. Viccaro and Ambye (1977) investigated the biodeg
radability
of CMOS in laboratory anaerobic digesters and reported that CMOS
degradation

began after an acclimation period of 6 days and that after 14 days
of
operation essentially complete destruction of CMOS was being
achieved.
Monsanto (1978) reported that no degradation of carboxymethyltartr
onate (the

major constituent of CMT) occurred under anaerobic condit
ions.

Following treatment by the above processes sludges are typica
lly
landfilled, applied to agricultural land, or discharged at
sea. Potential
environmental effects from landfilling include leaching of organic
builders to
ground or surface waters.
The fate of organic builders in marine environments is consid
ered in the
next section. Discharges of sludge at sea frequently would be
from tankers or
barges and thus into unacclimated waters. The fate of builde
rs in the sludges
applied to land would be expected to be similar to that of
builders in
wastewaters applied to land, as considered in the follo
wing section.
It.
should be noted, however, that sludge application to a
given plot of land
typically occurs at less frequent intervals (annua
lly, or even less frequent)

than wastewater application and thus the development of
a population of
acclimated soil bacteria at a sludge application site
seems doubtful.
LAND APPLICATION SYSTEMS

Biological mechanisms play an important role in destr
uction of organic
compounds in soil. Accordingly, considerations of
biodegradability under
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aerobic and anaerobic conditions as described in the previous section and in
preceding sections of this chapter are applicable to consideration of the
performance of land application systems.

Citrate is a normal constituent of soils and would be degraded. Klein and
Jenkins, (1972) reported that acclimation of aerobic soil organisms to CMOS
occurred after two weeks of exposure in septic tank tile fields. Monsanto
(1978) demonstrated biodegradation of CMT in aerobic soils
albeit over a
substantial time period. Based on previously discussed data, it would be

anticipated that in anaerobic soil environments (produced, for example, by
flooding) citrate would be biologically degraded, CMOS would be degraded if
acclimation had occurred, and CMT would not be degraded.

HOUSEHOLD WASTEWATER TREATMENT SYSTEMS

Typically, individual household systems are comprised of an anaerobic tank
("septic tank") followed by a soil percolation field which is intended to be
aerobic. The anaerobic stage is primarily for solids separation and
solubilization and it would be expected that soluble organic builders would
reach the soil system at essentially the same concentration as they existed in

the raw waste.

Indeed, Klein and Jenkins (1972) found that the concentration

of CMOS did not change in septic tanks with a 2 day nominal retention time.
In the percolation field, the same considerations as described in the previous

section on land application would apply except that two differences might be

anticipated:

(1) establishment of an acclimated biological population should

occur because the percolation field is a permanent installation, and (2)
anaerobic conditions (under which degradation of CMT would not be expected)

would probably be more common than during land application because of clogging
problems in household percolation systems.

EFFECTS OF BUILDERS 0N WASTEWATER TREATMENT
INTRODUCTION

None of the three builders considered in this report are known to have an

adverse effect on biochemical oxygen

demandor suspended solids removal
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efficiencies of wastewater treatment plants.
noted that citric acid had no adverse

Shannon (1975) specifically

effects on removal of biochemical oxygen

demand, and inspection of available results of studies with

CMOS and CMT does

not reveal a detrimental influence on treatment plant performance.

However,

increases in soluble organic carbon in treated effluent would be expected from
the presence of CMOS or CMT during periods when an acclimated population of
microorganisms could not be maintained.It is to be anticipated that these
periods of CMOS or CMT discharge would occur not only because of absence of
acclimation immediately following introduction of CMOS or CMT, but also as a
result of loss of acclimation due to factors such as low temperatures, high
hydraulic loadings, or other adverse operational conditions.

Also, all three

of the builders considered in this report would contribute to the organic
content of the effluents of physicochemical wastewater treatment plants.

In

the case of citrate, this organic carbon would be detected as biochemical
oxygen demand.

CMT and CMOS would escape detection as biochemical oxygen

demand unless an acclimated population of organisms were available for the
bioassay.
Klein and Jenkins (1972) noted that CMOS caused a change in algal species
in an oxidation pond, but the effect on waste treatment is unknown.

CMOS was reported by Viccaro and Ambye (1977) to have no effect on the
performance of a laboratory anaerobic digestion unit.
TRANSPORT 0F HEAVY METALS

Because of the ability of organic builders to complex metals, (see section
on Chemistry) it is reasonable to consider whether they could increase the
heavy metal content of treated effluents. Shannon (1975) reported that use of
citrate as a builder did not cause transport of heavy metals through an
activated sludge treatment system even under winter conditions in Canada.
Effects of CMOS and CMT on metal transport are not known.

Metal transport would be expected to be maximized when removal of the
builder was ineffective.

This would occur with all three builders in

physicochemical treatment plants and with CMOS and CMT during periods when
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acclimation was not maintained at biological treatment plants. Similarly,
mobilization of heavy metals is possible in solid systems receiving wastewater
or sludges containing CMOS or CMT.

PHOSPHORUS REMOVAL
In jar tests with raw sewage, Shannon 33 a1.

(1977) found that the

presence of citrate reduced the ability of ferric chloride, alum, and lime to
precipitate phosphorus. They concluded that if detergents were built with
citrate, the amount of ferric chloride, lime, or alum required to achieve a
given degree of phosphorus removal would increase.

For example, studies

reported by Shannon and his coworkers indicated that the amount of alum
required to achieve an effluent level of 1 mg/L of phosphorus would increase
by 67 percent in the presence of 10 mg/L of citrate.

Shannon et al. reported,

however, that when phosphorus removal was carried out during secondary
treatment no interference from citrate occurred. This was because the citrate
was degraded during the course of secondary treatment.

Studies of the effect of CMOS and GMT on phosphorus precipitation are not
known.
If the effect of the latter two builders is assumed to be comparable
to that of citrate, they might also cause interference with phosphate
removal. Under any of the following conditions, then, interference of organic
builders with phosphorus removal could occur:

(1) precipitation of phosphorus

in primary treatment, (2) precipitation in physicochemical treatment, and (3)
precipitation of phosphorus in secondary treatment when acclimation of
organisms to CMOS or CMT was not being maintained.

COSTS
Although the exact amounts are not known, increased treatment costs are
likely to result from use of the organic builders.

All three will require use

of more oxygen and result in production of more sludge in biological

treatment.

In the case of CMOS more oxygen may be required to achieve or to

maintain acclimation in aeration tanks.

The presence of undegraded builder is

also likely to result in increased costs for chemicals to precipitate
phosphate.

Increased costs for monitoring are possible.
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SUMMARY
CITRATE

l.

Citrate is a naturally occurring organic compound already found in
municipal wastewaters.

It would be expected to be removed in conventional

secondary wastewater treatment facilities without the need for
acclimation.

2.

No information is available on the removal of citrate in physicochemical
wastewater treatment systems. It is likely that the effluent biochemical
oxygen

demandof physicochemical wastewater treatment systems would be
increased.

3.

Increased quantities of chemicals would be required to precipitate
phosphorus if such precipitation were attempted prior to biological
removal of citrate.

4.

Use of citrate as a substitute for phosphorus may result in increased
treatment costs.

CMOS
1.

CMOS can be removed by aerobic biological treatment processes, but
acclimation is required.
If acclimation is lost as a result of such

factors as noted in (2), discharge of CMOS will occur.
2.

Even if acclimation is retained, CMOS removal

is less effective at low
dissolved oxygen concentrations, low temperatures, high hydraulic loading,

and during operational upsets.

3.

Removal of CMOS in physicochemical

treatment facilities is not known to

occur.

4.

Effects of CMOS on phosphorus removal are not known.
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CMOS may mobilize metals in unacclimated biological wastewater treatment
plants and soil systems receiving wastewaters or sludges.
Use of CMOS as a substitute for phosphorus may result in increased
treatment costs.

CMT
The major constituent of CMT, carboxymethyltartronate, can be degraded in
aerobic biological wastewater treatment plants.
periods are required.

However, long acclimation

Acclimation might be lost due

to plant operating

conditions with the result that the organic builder would be discharged in
treated effluent.
An impurity in CMT, ditartronate, is apparently not biodegradable; nor is
it known to be removed by other wastewater treatment processes.

Available

data indicate that it would be contained in effluents.
Carboxymethyltartronate is not known to be biodegradable under anaerobic
conditions.

It could find its way to unacclimated soils following

ganaerobic digestion of sludges from wastewater treatment plants.
CMT is not removed by activated carbon adsorption and would remain in the
effluent from physicochemical wastewater treatment facilities.
Metal mobilization in unacclimated wastewater treatment plants and soils
. systems might occur.
Effects of CMT on phosphorus precipitation are unknown.

Presumably it

could increase chemical requirements.
Use of CMT as a substitute for phosphorus may result in increased
treatment costs.
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DEGRADATION IN THE ENVIRONMENT
While studies of the environmental biodegradation of the three builders,

citrate, CMOS, and CMT, have been conducted under somewhat different
experimental conditions and by the use of different analytical procedur

es,

is evident from a comparison of the available results (Table 2) that these
compounds are biodegraded with different degrees of readiness in aerobic

it

environments.
(i)

FRESHWATER

Citrate, as measured by a chemical analysis, disappears readily in
freshwater from ponds and fish tanks with very short lag times and short
half-lives.

Such analyses must take into consideration the fact that citrate

is a widely distributed natural product that may already be present in amounts

up to 0.2 mg/L (Miles 33 a1. 1977).

Biodegradation of CMOS occurs somewhat

less readily and requires a suitable period for the establishment of

acclimated microbial populations.
unsettled

In river die-away tests in which unadapted
activated sludge was also present, acclimation occurred within one

week and CMOS (by the colorimetric procedure of Viccaro and Ambye, 1973) was

undetectable after two weeks at 24°C. Using HCOZ-formation from
1"C-labelled CMOS (labelled except for the glycolate methylene group) as a
measure of degradation confirmed that more than 90% release occurred in 10
days (Lever, 1977).

In contrast CMT required significantly longer periods of
time for the establishment of suitable biodegrading microbial populations in
unsupplemented river waters.

Whether measured by a fluorometric procedure

(which is based on chelation properties and probably measures all the organic

components of CMT), or by 1"(:02 release from

1"C-labelled carboxymethy-

loxytartronate (CMT), slow disappearance of CMT occurred over extended periods
of 6-13 weeks. The presence of raw sewage had a negligible effect on
shortening this acclimation period.

Once acclimation was achieved,
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however,

TABLE 2.

BIODEGRADATION OF DETERGENT BUILDERS IN DIFFERENT AEROBIC ENVIRONMENTS

BUILDER

ENVIRONMENT

CONDITIONS

Citrate

Freshwater

3-10 mg/L

Up to 5 hour lag. Rapid disappearance, half-life of 3-4 hours.

Estuarine water

5-15 mg/L

Rapid disappearance, half-life

BIODEGRADATION

REFERENCE

Milesitilq 1977

(0.6-3.0 hours).

Marine water

Soil

CMOS

Freshwater

Disappearance reported.

Unadapted sludge
added, 20-100
mg/L

weeks.

Percolated
columns,

Evident at 2-3 weeks, essentially
complete at 4-6 weeks.

Klein & Jenkins, 1972
Lever, 1977

4 mg/L

Slow acclimation over 5 12 weeks,
then complete degradation of
additions in 1 week.

Monsanto, 1978

Raw sewage
(5%) added
weekly

Acclimation requires 6-10 weeks.

Lag less than 1 week, disappear-

ance essentially complete at 2

Lever, 1977

Estuarine water
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Marine water

Soil

20-100 mg/L

CMT

Freshwater

Estuarine water

Acclimination requires more than
15 weeks.

Marine water

Acclimation requires 6-7 weeks.

Soil

Six different

samples (50 ppm)

Two day lag, variable rates.
50 100% complete at 20 days.

From
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fluorometric assay showed that subsequent additions of CMT were degraded in
one week.

In lake water, periods as long as 6 weeks were again necessary for

the acclimation process.

Since bacteria able to utilize CMT are not as

readily isolated as those utilizing citrate or CMOS, it appears that organisms
able to degrade carboxymethyltartronate are less widely distributed and may be
derived from a relatively small number of bacteria with the appropriate
enzymatic functions.

Organisms able to degrade diglycolate can be isolated

readily; aerobic degradation of this minor component of CMT (3%) is,
therefore, likely to occur readily.

Studies with the ditartronate component,

on the other hand, showed that its biodegradation occurred with difficulty.

(ii)

ESTUARINE WATER

A similar pattern of biodegradation for two of the three builders is found
in these environments.

Citrate degradation is rapid and complete whereas CMT

requires an acclimation period of at least 15 weeks before any degradation is
observed.

No direct studies of CMOS degradation in estuary waters are

available for comparison, although Cain has isolated microorganisms from
saline environments which possess the CMOS-cleaving enzyme (Weaver, J.,

personal communication).
(iii)

SALT WATER

The only data available show that CMT is degraded but, as in other
environments, extended periods of 6-7 weeks are necessary before significant

degradation occurs.

' (iv)

SOILS

As for earlier-mentioned aerobic environments, the most extensive
documentation is on the behavior of CMT.

Measurements of 1"C02 release

(from 1"(J-labelled CMOT) with six different soils showed different rates of
release after a lag time of about two days, with values suggesting from
507100% degradation after 20 days.

Substantial disappearance of citrate from

soil is reported to occur in seven days (Miles gt_gl. 1977).

The only reports

of CMOS degradation in soil are those carried out in percolation columns of
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soil where anaerobic conditions are likely to obtain.

Under these conditions

2-3 weeks are necessary before onset of biodegradation with complete removal
at 4-6 weeks (Lever, 1977).

In short, all three builders are degraded in

soil, but the experimental conditions which have been employed are
sufficiently varied that meaningful comparisons about times of acclimation and
rates of disappearance cannot be made.
FACTORS AFFECTING BIODEGRADATION
In Table 3 are summarized the results of various studies on the effects of
anaerobic conditions, lowered temperatures and various metal ions on builder
degradation.

(i)

ANAEROBIC CONDITIONS

While anaerobic conditions are not anticipated to have any significant
effect on citrate degradation, information on its actual environmental fate
under these conditions is not available.

For CMOS, however, studies made with

percolation columns of soil by Klein and Jenkins (1972) and by scientists at
Lever (1977), show degradation is initiated after 2-3 weeks and is complete at
4-6 weeks.

Its degradation in anaerobic digestors was initiated with shorter

lag times and was complete at two weeks.

That anaerobic conditions were

achieved was evident from the demonstrated formation of methane from CMOS.
Lack of strictly anaerobic conditions in a septic tank to which CMT was
added may have accounted for its disappearance from this system when, by
contrast, this builder was shown not to undergo biodegradation in anaerobic
digestors.

Alternatively, its disappearance may have occurred in the later

aerobic stages of the soil percolation system which was part of the septic
tank operation.
(ii)

TEMPERATURE

The principal effect of lowered temperatures on the biodegradation of
these builders is on the time required for the establishment of acclimated
microbial populations.

Thus for CMOS at 4°C its biodegradation in river
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TABLE 3.

FACTOR
Oxygen
Limitation

EFFECTS OF PHYSICAL AND CHEMICAL FACTORS 0N BIODEGRADATION 0F BUILDERS

BUILDER

CONDITIONS

Citrate

CMOS

(i) Anaerobic Digestors
Columns

Temperature
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Metal Ions

(i) Anaerobic Digestors
(ii) Septic Tank

Citrate

4°C River Die-Away

CMT

6°-12°C CFAS Units

Kleih & Jenkins, 1972
Monsanto, 1978

Extended acclimation periods,

10 weeks or more.

Lever, 1977

Extended acclimation from 5 wks. Monsanto, 1978
to periods as long as 14 and 17
weeks respectively.
Significant impairment of
degradation.
No significant effect.

Miles_gt_al., 1977

(i) Hg(II)

Significant impairment of
biodegradation in river water
with added sludge.
Affect rate of CMOS removal in
fresh water.
No degradation in estuarine
water.

Lever, 1977

Inhibitory.
No effect.

Mmsmno,1W8

".,_
v
-rI'-rV

Fe(III), Pb(II), Cu(II),
Hg(II), Zn(II), Cd(II)

Cu(II),
Cd(II)

AA
q. .F.
. , .P

CMT

No demonstrable biodegradation.
Degradation occurs, attributed
to aerobic environment in soil
field.

Lever, 1977

(i) Equimolar Cr(III) and
Hg(II)

(ii) Cu(II), Ni(II), Zn(II),
V(III), Mg(II), Pb(II),
AT(III), Fe(III), Na(I)

CMOS

Acclimation in 6 days; complete
removal at 2 weeks.
Biodegradation evident at 2-3
weeks, essentially complete at
4-6 weeks.

No information.

CMOS

Citrate

REFERENCE

No reports. Degradation Presumed from Microbiology and
Biochemistry.

(ii) Soil Percolation

CMT

EFFECT ON
BIODEGRADATION

Hg(II), Zn(II),

Hg(II), Cr(III), Cu(II)
Na(I), Ca(II),

Fe(II), Ni(II), Pb
Zn(II), AT(III

water required an acclimation peri
od of 10 or more weeks, as compared
to a
period of approximately one week at
24°C. A somewhat shorter acclimat
ion
period was observed when populations
were incubated at 4°C after a prev
ious
adaptation at 24°C (Lever, 1977).
A similar effect on acclimation of
microorganisms for CMT degradation
was found with decreasing temperat
ure, so
that the extended periods of five
weeks or more observed at 20°C were
prolonged to as long as 14 weeks
at 6°C (Monsanto, 1978). Informat
ion on
the biodegradation of citrate at lowe
red temperatures is not available.
Such
data would provide a useful comparis
on of the behavior of a naturallyoccurring material at low temperat
ures.

(iii)

METAL IONS

As with NTA, one of the concerns
about the biodegradation of the
non-nitrogenous builders is whethe
r various of the chelates of the
different
builders are as readily degradabl
e as are their sodium or potassium
salts. In
view of the slow environmental bio
degradation of CMT already referr
ed to,
further impairment of biodegrad
ation of its chelates could lea
d to a significant level of this material in
wastewater effluents and in aqui
fers, at
least during the initial period
of its widespread use. Although
not tested
directly as the chelated Species,
CMT biodegradation has been studied
in

activated sludge systems in the
presence of a variety of cation
ic species

added at the same molar concentratio
ns as the builder. Mercury (Hg(II))
ions
and to a lesser extent Cr(III)
and Cu(II) inhibited its biodeg
radation. Thus
CMT at

10-20 mg/L (6 x lO SM) was tested wit
h metal salts added at 6
x 10'5M and 3 x 10'5M. At both con
centrations mercury was completely
inhibitory
whe

reas Cu(II) and Cr(III) were onl
y slightly inhibitory. No effect
s were
observed with similar concentratio
ns of salts of Na(I), Ca(II), Mg(
II),
Fe(II), Ni(II), Pb(II), Zn(II),
Al(III) or Cd(II) (Monsanto, 1978
).

Similar experiments to test the
effects of metal ions on CMOS bio
degradation were performed by
adding different metal salts to
a concentration
equimolar with that of CMOS (10
mg/L = 5 x 10-5M) and determini
ng rates of

CMOS disappearance from fresh
and estuarine water.
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In (Hg(II)) prevented

degradation and degradation, was inhibited to different fresh water having 100
mg/L Ca003 water hardness, copper (Cu(II)) and mercury degrees by Cd(II),

Zn(II), Pb(II) and Fe(III).

In estuarine waters (CaCoa = 5,000 mg/L)

similar findings were reported in that biodegradation was prevented by the

presence of Hg(II) and Cu(II); Zn(II) and Cd(II) were also completely
inhibitory under these conditions whereas there appeared to be no inhibitory

effect of Fe(III) or Pb(II).
When CMOS disappearance from river water containing added sludge was
examined for the effects of metal ions at lower concentrations (10 mg/L CMOS,
metals up to 1.0 mg/L), the inhibitory effects of the highest concentrations

of Cu(II) and Pb(II) were less evident, Cd(II) was without effect and Hg(II)
prevented biodegradation.

Whether the added sludge inoculum was responsible

for this lower degree of inhibition is impossible to assess because of the
lower levels of cations added in these experiments as compared to the earlier

assessments of biodegradation Lever (1977).
Mixtures of citrate with approximately equimolar concentrations of
different metals were prepared to assess the effect of metals on citrate
biodegradation at 10 mg/L in semi-continuous activated sludge columns.

0f the

various metals tested, only trivalent chromium and mercury as Hg (N03)2
caused major alterations in the rate at which citrate disappeared, and their
effects may have been due to the toxicity of these metals to sewage organisms

at the concentrations employed (21 mg/L CrCl3-6H20 and 25 mg/L Hg (N03)2),
rather than to an inherent persistence of the citrate-chelates with these
ions.

At lower concentrations of Cr(III), from 0.05-5 mg/L, citrate was

degraded much more readily.

Chromium concentrations to be expected in sewage

are not likely to be greater than 0.5 mg/L unless significant discharge from
local plating plants occurs.

Other metal ions tested which were without

effect on citrate biodegradation were Cu, Ni, Zn, V, Mg and Na.

Aluminum at

19 mg/L aluminum citrate and iron as 27 mg/L ferric citrate had inhibitory
effects which were transitory, and slight inhibition was noted with lead (29

mg/L lead acetate) and cadmium (25 ppm CdClz).
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SUMMARY

Citrate appears readily biodegradabl
e under a variety of environmental
conditions and its biodegradation is
apparently affected in predictable
fashion by various factors. CMOS is
also readily biodegradable although it
requires longer periods for the establis
hment of suitable microbial
populations and is consequently more
susceptible to variations in

environmental conditions than is
citrate.

CMT, on the other hand, is a much

less readily degradable builder and
requires extensive periods before its
biodegradation is firmly established.
Its ditartronate impurity appears to
be
degradable with difficulty even unde
r ideal circumstances. Under anaerobi
c
conditions CMT appears not to degrade.
The effects of metal ions on the degr
adation of all three builders have
been studied but no information is
available to show how various of the
chelated forms may be degradable and
what environmental factors can faci
litate
or retard their removal from the
environment.
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BIOLOGICAL EFFECTS
In considering the results of the experiments to be discussed, it is
important to bear in mind the concentrations of the builders likely to be
present in the environment.
no waste treatment,

exposed to 12 mg/L.

Under "worst case" conditions, that is, assuming

degradation, or dilution, aquatic organisms might be

This could occur during low temperatures, treatment plant

upsets, or periods of acclimation to a new builder.

Ordinarily considerable

degradation and dilution should occur, exposing aquatic communities to less
than 0.1 mg/L.
ACUTE TOXICITY
Citrate, CMOS and CMT show a low order of toxicity in tests using a
variety of aquatic organisms.

Citrate is the least toxic of the three in

acute exposures, although differences between the builders are small.

Anderson (1946) first reported a 48-hr ECSO1 of 825 mg/L for immobilization
of Daphnia mgg a exposed to sodium citrate in Lake Erie water.
similar to effect levels for other invertebrates and fish.
96-hr LC502 for sodium citrate in soft water was

This is

For example the

833 mg/L for rainbow trout,

§glmg gairdneri (Miles gt a1. 1977); 1516 mg/L for bluegill, Le omis

macrochirus (Miles gt_al. 1977); 1710 for bluegill and 1415 mg/L for the snail
Amnicola limosa (Schwartz and Davis, 1973).

Schwartz and Davis found sodium

citrate to be the second least toxic material (after glucoheptonic acid) among
a wide variety of potential organic builders.

Tables 4 and 5 present the

acute toxicity of citrate in relation to CMOS, CMT and several other detergent
components.

Note that citrate appears to be more toxic to fish than CMOS

(Table 5) chiefly because the citrate was tested in softer water.

1ECSO is a concentration that produces a given effect in 50% of the test
organisms. In this case the response is immobilization.
2L050 is a concentration lethal to 50% of the test organisms.

TABLE 4.

TOXICITY OF DETERGENT COMPONENTS TO
GAMMARUS PULEX*

MateriaT

72-hr LCSO, mg/L

250 ppm Hardness

25 ppm Hardness

LAS

19

10

Soap

85

171

308

1123

Sodium Citrate

1044

1750

Sodium TripoTyphosphate

1842

2624

Sodium CMOS

*From Lever, 1977.

TABLE 5.

ACUTE TOXICITY OF ORGANIC BUILDERS AND LAS T0 FRESHWATER FISH
96-hr LCSO,

mg/L

Hardness,

Treatment

Species

mg/L

Reference

NaCitrate

Rainbow trout

NaCitrate

BTuegiTT

NaCMOS

Rainbow trout

2300

300

CMT

Rainbow trout

309

35

Monsanto, 1978

CMT

Fathead minnow

371

35

Monsanto, 1978

CMT

Fathead minnow

1110

250

Monsanto, 1978

NaNTA

Rainbow trout

98

35

LAS

Fathead minnow

3.5

-

LAS

Fathead minnow

5.7

35

Monsanto, 1978

LAS(: EMT

Fathead minnow

5.6

35

Monsanto, 1978

833

soft

MiTes et_al., 1977

1710

soft

Schwartz & Davis, 1973

52

Newsome & Howe, 1976

Macek & Sturm, 1973

SoTon 33 a1; 1969

There is an additional problem in interpreting L050 results for rapidly
degradable organics such as citrate. Test results vary depending on whether
nominal or measured toxicant concentrations are used in the L050 calculation.
Industry data show that as little as 0.2 to 11% of the nominal citrate

concentration may be recovered from continuous flow fish tanks (replacement at

2.4 volumes/day) (Miles £3 a1. 1977).

Many of the citrate bioassays were

performed in static aquaria without frequent water exchange. It is unclear
from the reported results whether degradation was considered. If not, the
actual L050 values might be lower than reported.

Sodium CMOS and CMT are somewhat more toxic than citrate but less toxic

than NTA (Tables 4 and 5).

The 48-hr L050 for Q; magna exposed to sodium CMOS

was 300 mg/L in soft water and 2026 mg/L in hard water (Lever, 1977). This is
close to the 96-hr L050 for rainbow trout, which is 2300 mg/L in hard water.
Although no CMOS bioassay for fish in soft water has been reported, it would
be expected to be approximately 300 mg/L as well.

CMT falls in about the same

range for fish and invertebrates (Table 5). CMT was found to have a 24-hr
L050 of 1012 mg/L for Q;_magna and 899 mg/L for Gammarus pulgx, presumably
also in soft water (Monsanto, 1978). Note that all CMT bioassays were

for the
performed with the commercial grade material. Separate toxicities
ditartronate and diglycolate impurities have not been reported.
5)
The acute toxicity levels of all three organic builders (Tables 4 and
. A
lie well above the worst case" concentration of 12 mg/L discussed earlier
tion
safety factor of at least 25 (300/12) exists even if no treatment, degrada
or dilution are assumed.

EFFECTS OF WATER CHEMISTRY
with
Organic builders are selected for their ability to form complexes
appears to be a
polyvalent cations, including calcium and magnesium. Toxicity
complex.
function of the free anion or acid, rather than the metal-builder

L050 for
Thus Biesinger gt a1; (1974) found a direct correlation between the

Toxicities
NTA and the hardness of the dilution water in tests with Daphni .
(Tables 4 and 5).
of citrate, CMOS and CMT also decrease with greater hardness
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Acidic soft waters pose special problems to the survival of aquatic
organisms. For example, metal toxicity often increases at low pH. By the

same token, the protonated forms of the organic builders have greater toxicity
than the corresponding Ca-Mg complexes. Anderson (1944) found citric acid to
be more toxic to Daphnia than sodium citrate (48-hr EC50=153 and 825 mg/L
respectively).

The 96 hr L050 for CMT with fathead minnows (Pimephales

promelas) dropped from 371 to 60 mg/L as pH was reduced from 7.1 to 6.0
(Monsanto, 1978). The estimated no-effect level at a pH of 6.0 was 37 mg/L,
giving the smallest margin of safety of any conditions tested. Very likely
CMOS would show similar trends.

As in the case of NTA, the potential for

biological effects with citrate, CMOS, and CMT appears to be greatest in acid
waters.

By the same reasoning the expected toxicities of the builders ought to be
lowest in marine systems. Monsanto (1978) reported that the 96-hr L050 and
no-effect levels for CMT exceed 1000 mg/L for both the sheepshead minnow and
pink shrimp.

Similar information on citrate and CMOS in seawater in

unavailable.

One concern could be that the organic builders might interfere with shell
formation in mollusks because of calcium chelation. Monsanto (1978) has found

that CMT produced a 96-hr E050 of 201 mg/L for shell growth in oysters.
Similar studies with NTA, a stronger chelator, have produced no measurable
effect on mollusk growth in either fresh or salt water.
CHRONIC TOXICITY

Chronic bioassays on aquatic organisms apparently have not been done with

sodium citrate or citric acid (Miles 33 31. 1977).

In view of its low acute

toxicity and rapid biodegradation such studies are probably unwarranted at
this time. There is more justification for chronic tests with CMOS and CMT
because of slower initial rates of degradation. Furthermore CMT has the
potential for persistence in anaerobic waters or hydrosoils, making it

available to benthic organisms over a longer period of time.
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Chronic exposures of Daphnia and fathead minnows to CMT have shown no
toxicity at expected environmental concentrations (Monsanto, 1978).

and threshold-effect levels

I

No effect

g

for adult survival of Q;_mag a were 100 mg/L and

150 mg/L respectively (this is about one-tenth the 24-hr LCSO).
was enhanced at CMT concentrations of 50, 100, and 150 mg/L.

l

Reproduction

Such a result is

not unusual as the food requirements for Daphnia in bioassays are not well

defined.

Additional organic substrates in the test medium may stimulate the

microflora consumed by young daphnids.
CMT over one generation.

Fathead minnows were also exposed to

Growth, adult survival and egg hatchability were

unaffected at 100 mg/L, the highest concentration tested.

Spawning activity

may have been reduced at 50 and 100 mg/L but the effect was not statistically
significant.

Fry survival, however, was significantly reduced at 100 mg/L.

No modes of action or metabolic pathways in fish have been proposed for this
builder.
CMOS has been tested in three chronic exposures with freshwater
invertebrates.

Daphnia showed no ill effects at 50 mg/L in a full life cycle

exposure (Lever, 1977).

As with CMT, juvenile production was greater in

treatments than in controls.

Gammarus pglgx showed no effects after 27 weeks

at 100 mg/L CMOS in soft water (Lever, 1977).

Similar tests with the midge

Chironomus riparius suggested that adult production may decline at 100 mg/L

(Lee et 21L 1977).

However the trend was not clear.

Taken as a whole, the

results of CMT and CMOS chronic tests indicate that maximum expected
concentrations of these builders in the aquatic environment (< 12 mg/L) will

>

be harmless to fish and invertebrates.

a

Although other taxa have not been

tested there is no reason at this time to expect other toxicity problems
arising from these builders.
BIOCONCENTRATION
Studies on bioconcentration potential in aquatic animals have been done
for both CMOS and CMT.

Because of their anionic form, both builders have low

octanol/water partition coefficients (log P: -3) (Lever, 1977 and Monsanto,
1978).

This partition predicts a negligible bioconcentration factor by the

method of Neely gt a1; (1974).

By comparison LAS has a log P of l-2,

indicating greater uptake potential.

The bioconcentration of 1"(Z-labelled
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sodium CMOS from water has been measured over a 24 hour period using goldfish
(Newsome and Howe, 1977).

No detectable uptake occurred at 1 mg/L of NaCMOS

while trace amounts were found in the fish at 100 mg/L.

This uptake

represented a bioconcentration factor of approximately 0.1.

Uptake and

depuration kinetics should, however, be followed over a longer period of time,
and principal metabolites should be characterized.

Uptake by fathead minnows of 1"C-labelled carboxymethyltartronate in CMT
was followed for 50 days.

Bioconcentration factors (wet weight) were 10-20

for whole fish, 5-10 in muscle, and 100-200 in digestive tract.

Additional

gavage experiments with minnows showed more than 95% clearance from the gut in
96 hours.

Exposure of Q; maggg to labelled CMT in CMT produced a very rapid

initial uptake, followed by a gradually declining body burden.
an initial adsorption onto the exoskeleton.

This suggests

In any case, the total

bioconcentration factor for Daphnia was 40-140, depending on the CMT
concentration.

EFFECT ON LAS AND METAL TOXICITY
Aquatic organisms exposed to sewage effluents encounter a wide variety of

toxicants, as reviewed by Tsai (1975).

Among these are the surfactants

including linear alkylated sulfonates (LAS) commonly used in detergents.

To

place the discussion of builder effects in better perspective, data on LAS
toxicity are included in Tables 4 and 5.

As shown, the acute toxicity of LAS

is significantly greater than it is for the organic builders.

One study using

a combination of LAS and CMT suggests that the builder has little effect on
the primary toxicity of the surfactant (Table 5).
Toxicity and bioaccumulation of metals may be altered by organic chelating
agents.

Thus the toxicity of copper is related to the activity of the free Cu

(II) ion (Andrew, 1976).

Ligands such as carbonate or NTA which bind to the

copper ion can act to reduce its aquatic toxicity.

Several authors have

investigated the effects of organic builders on metal toxicity (Table 6).
Chynoweth §t_al; (1976) found that NTA reduced Cu toxicity to a greater extent
than did either EDTA or citric acid.
effect on Cu toxicity to guppies.

In fact citric acid had essentially no

Nishikawa and Tabata (1959) reported that
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TABLE 6.

ACUTE TOXICITY 0F METALS WITH CHELATING AGENTS.

96-hr LC50,
mg/L, metaI

Hardness,
mg/L
Reference

Treatment

Species

Cu

Guppy

0.112

87.5

Chynoweth gt §Q4_1976

Cu

Guppy

0.138

67.2

Chynoweth 33 31; 1976

Cu + NTA1

Guppy

0.224

92.8

Chynoweth e: 31; 1976

Cu + EDTA1

Guppy

0.184

72.5

Chynoweth gt 31; 1976

Cu + Citric

Guppy

0.136

70.0

Chynoweth e: 31; 1976

Cu

Fathead Minnow

0.22

35

Monsanto, 1978

Cu + CMT2

Fathead minnow

0.36

35

'Monsanto, 1978

Pb

Fathead minnow

35

Monsanto, 1978

Pb + NTA2

Fathead minnow

>625

35

Monsanto, 1978

Pb + EDTAZ '

Fathead minnow

36

35

Monsanto, 1978

Pb+CMT2

Fathead minnow

33.4

35

Monsanto, 1978

acid1

29.2

1/(3-6) x 10" M cheTator added.
2/1:1 moTar ratio of metaT/chelator.
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citrate did reduce the toxicity of Cu to goldfish.

Although EDTA prevented

copper bioconcentration, citrate did not (Tabata and Nishikawa, 1969).

An extensive study on the interactions of CMT and metals has also been
reported (Monsanto, 1978).

Copper, cadmium, lead and zinc were tested alone

and in combination with LAS and CMT.

The builder was found to reduce metal

toxicity, but the effect was slight in comparison to the strong detoxifying
action of NTA (Table 6).
trend.

Minnows

The presence of LAS did not alter the general

exposed for 35 days to 0.63 mg/L lead accumulated essentially

the same levels with or without CMT.
lead uptake.

In contrast, NTA effectively prevented

CMOS has not been tested with metals, but judging from its weak

chelating ability, the results should be similar to those of CMT.
Thus no synergistic effects are predicted between metals and citrate, CMOS
or CMT.

0n the other hand, these builders cannot be expected to offer any

protection from metal poisoning, as proposed for NTA (Sprague, 1968).
EFFECTS ON TERRESTRIAL ORGANISMS
No data are available.

SUMMARY
1.

In most waters acute toxicity levels of all three builders allow a safety
factor of at least 300 over the highest possible environmental
concentration.

However, the potential for toxic effects increases sharply

in acid waters.
2.

Chronic toxicity tests indicate little potential for harm in most waters.

3.

None of the builders show significant bioconcentration.

However, the

degradative pathways for CMOS and CMT in aquatic organisms have not been
studied.
4.

None of the builders seem to potentiate the effects of metals, neither do
they protect against metal toxicity.
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EUTROPHICATION EFFECTS.
SODIUM CITRATE
Sodium citrate contributions to natural waters may affect algae in several
ways:
1 -- by increasing the inorganic carbon pool
2 -- by providing an organic substrate for heterotrophic growth
3 -- by chelation of various cations
4 -- by affecting organisms that feed on algae.
If sodium citrate were to be used in all detergents, and at a concentration of
25% of the product, its average concentration in influent wastewater would be

about 12 mg/L or 8.5 mg/L as citrate ion (4.5 x 10'5M) (Miles 33 a1. 1977).
1.

It is now clear that carbon-limited systems are rare and generally result

from extremely high inputs of nitrogen and phosphorus (Schindler 1974).
Accordingly the increased concentrations of inorganic carbon in wastewater
effluent, resulting from degradation of citrate, are unlikely to have a

significant stimulatory effect on algal growth.

If anything they would

tend to favor green algae in their competition with blue-green algae as
the former are less efficient at very low concentrations of carbon dioxide

(Shapiro, 1973).
2.

It is estimated that about 10% of the citrate entering treatment plants
will be found in the effluent and that in 90% of the cases, subsequent

dilution will exceed 10-fold (Miles g3 31. 1977).

Thus environmental

concentrations from detergent use, neglecting further degradation, could

be in order of 0.1 mg/L (4 x 10'7M).
concentrations have
. 1969).

In fact, somewhat similar

been found in "natural" systems (Khomenko g; 31.

There is no question that such concentrations of citrate are of

significance to aquatic bacteria as a carbon source.

61

Indeed, the rapid

g

degradation of citrate in natural waters is evidence of this.

There is

some question regarding the extent to which algae can utilize citrate
heterotrophically.

Table 7 summarizes several investigations in which

attempts were made to grow algae with citrate.

It is evident that in no

case did citrate stimulate substantial growth, and for a majority of algae
tested it was not used at all.

Furthermore, the concentrations that did

allow heterotrophic use were rather high -- about 10'2M.

This is in

agreement with the finding that, in general, algae do not have active
uptake mechanisms for most organic compounds.

Thus the concentrations of

citrate expected to be added to receiving waters are unlikely to be a
significant stimulus to heterotrophic algal growth.
3.

The most likely mechanism by which citrate might affect algal populations
is through its capability to chelate metals.

It has been calculated

(Morel, McDuff, and Morgan, 1973; Lerman and Childs, 1973) that at

concentrations of citrate of about 10'6M, (0.2 mg/L) the most
important complexes would be those of copper and iron.
of this is not so easily stated however.

The significance

For example, Schelske (1962) was

able to stimulate primary production in lake waters by adding chelated
iron (Fe(III)EDTA), and Rodhe (1948) believed that iron as iron citrate is

more available to algae than uncomplexed iron.

However, Goldberg (1952)

working with marine algae, and Shapiro (1967) with freshwater algae,
demonstrated that iron was more available to the algae when added as

FeCla than as iron citrate.

Subsequent work by Shapiro (1969) tended

to support the conclusion that the less strongly chelated the more
available was the iron.

This would indicate that addition of citrate to

lake water is unlikely to stimulate algal growth by making iron more
available.
In a similar fashion, but with opposite effect, addition of citrate to a
system containing copper is likely to make the copper unavailable.

However,

as Cu(II) is a toxic ion, making it "unavailable" in effect may relieve the
growth of the algae from its constraints.

For example, Horne and Goldman

(1974) have shown that small concentrations of copper are harmful to nitrogen
fixation by blue-green algae.
inhibition were

If citrate were added to a system in which this

occurring, nitrogen fixation and subsequent dominance by
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TABLE 7.

RESULT

REFERENCE

Slight growth

Belcher and F099, 1958

Slight growth

Belcher and Miller,

Z

Slight growth

Belcher and Miller, 1960

Z

Slight growth

Belcher and Miller, 1960

2

No growth

Belcher and Miller, 1960

E

No growth

Belcher and Miller, 1960

Z

No growth

Belcher and Miller, 1960

Z

CONCENTRATION
USED
E

ALGA TESTED
Tribonema aequale

EFFECTS OF CITRATE 0N ALGAL GROWTH

No growth

Belcher and Miller, 1960

Euglena gracilis

No growth

Cramer and Myers, 1952

Anabena cylindrica

Increased respiration

Wolfe, 1954

Prototheca zopfij

No growth

Barker, 1935

Navicula pelliculosa

No growth

Lewin, 1953

Cocconeis sp.

Growth

Bunt, 1969

Decreased growth

Carefoot, 1968

Slight growth

Eny, 1950

Slight growth,
reduced respiration

Eny, 1951

No growth

Glooschenko and Moore, 1973

Bumilleriopsis brevis

Chlorellidium tetrabotrys
Tribonema aequale

Tribonema minus
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Peridinium cinctum
Chlorella sp.

I

Polydriella helvetica

N

Monodes subterranens

O
r d

Botrydiopsis interiedens

10'3 M
2 X 10'2 M

Chlorella sp.
Lake mixture

Up to 4 x 10'6 M

1960

blue-green algae could result -

an undesirable occurrence.

The requirement

for citrate by Oxyrrhis marina,a non photosynthetic dinoflagellate, has been
shown by Droop (1959) to depend on the chelating properties of citrate, as the
citrate requirement could be replaced by EDTA, or by glycine, or by a mixture
of the three.

As the medium in which the alga was grown contained 20 pg/L

of CuSo» .5 H20, the role of the chelators might have been to render

the Cu(II) ion non-toxic.
Thus the results of adding citrate to various lake waters probably will
depend on their contents of heavy metals, especially metals such as copper and
iron; on the presence of other chelating compounds such as humic substances;
and on the algal species and their particular sensitivities to e.g. copper.
Indeed, Glooschenko and Moore (1973) found a variety of responses to
experiments in which they added sodium citrate to Hamilton Harbour and Lake
Ontario water.

In general, additions of 10 ug/L - 1 mg/L (4 x 10'8

4

x 10 6M) to Hamilton Harbour water were somewhat stimulatory, and those to
Lake Ontario water were inhibitory.

The difference may result from the

difference between the waters, Hamilton Harbour being highly eutrophic with a

high trace-element content, and Lake Ontario being slightly eutrophic with a
low trace-element content.

The picture is not entirely clear however.

Glooschenko and Moore showed that copper by itself was toxic to Lake Ontario
algae at 10 pg/L, but whereas EDTA could reverse the toxicity, citrate could
not -- even at a concentration of 4 x 10'6M.

In fact in an experiment

with Hamilton Harbour water, it appeared as though added copper was more toxic
in the presence of citrate than in its absence.

Interpretation of the data is

made more difficult by the fact that citrate degradation must have occurred
during these experiments as well as those described below.
In other experiments, Payne (1973) added citrate to 39 test waters

from 17

locations, including lakes Superior and Michigan, with and without wastewater
effluent.

He found no significant additional effect of citrate with the

effluent, and no significant stimulation by citrate alone.

Payne used the

test algae Selenastrum capricornutum and Microcystis aeruginosa individually,

and so could not test for the effects of citrate on competition between algal
species. Glooschenko and Moore noted that preliminary examination of their
samples showed no systematic changes in species composition.
64

____1
4.

One way in which citrate could have a great effect on algal populations
would be if it had an effect on the herbivores, such as Daphnia, that
graze on the phytoplankton (Shapiro, 1978, 1979).

There are no data on

chronic effects of citrate on Daphnia, but what exists on acute effects
suggests little if any effect at expected concentrations (see previous

section).

'

In summary, it is likely that additions of citrate to most waters, at the
concentrations expected, will have no discernible effect on their algal
populations, directly or indirectly.

0n the other hand, there is increasing

evidence that in some types of situations, such as Hamilton Harbour, algae are

growing under restriction by heavy metals.

Such types of situations, namely

highly eutrophic high-metal systems, should be investigated more thoroughly
than to date, and on a larger scale than hitherto.
CMOS
As in the case of citrate, there are four ways in which CMOS could affect

algal populations.

Assuming sole use of CMOS as a builder, an additional

amount of inorganic carbon would be added to domestic effluent, and levels of
CMOS, following treatment and dilution, could be in the area of 0.2 mg/L

(10"M) (Lever, 1977).

The increase in carbon, as with citrate, is not

likely to be of consequence.

No direct testing of the ability of the expected

concentrations to support heterotrophic growth of algae is available, but it
appears that at least one alga, Selenastrum capricornutum, does not utilize

CMOS in this way even at concentrations of 30 mg/L (10"M). That is,
additions of this concentration of CMOS to three lake waters did not increase
the growth of the alga over controls with no CMOS (Yeisley and Williams,

1972).

On the other hand, in a study of model oxidation ponds by Klein and

Jenkins (1972), during persistence of CMOS at 15 mg/L (6 x 10'5M) the
algal population was comprised predominantly of Cryptomonas.

commencement of degradation, there was a change to Chlorella.

Following the

Because other

factors such as temperature changed coincidentally, it is not clear what
caused the shift in the algae.
partially heterotrophically.

It might mean that Cryptomonas was growing

Probably more important is the fact that CMOS acts as a chelator -- albeit
a weak one -- and that some of the complexes may not be as readily degraded.
Thus, CMOS-Cu(II) was not degraded at all after 37 days (Lever, 1977). This

could be important in a small lake having a long residence time. Eventually
most of the copper could become chelated, leading to shifts in the population
toward blue-green algal dominance, as blue-greens are more sensitive to copper

toxicity than are green algae and diatoms.
In addition, the process of
nitrogen fixation is sensitive to ionic copper (Horne and Goldman, 1974).
The
fact that Yeisley and Williams (1972) found no stimulation (to "eutrop
hic
levels") by CMOS of Selenastrum in three lake waters, and that Schwartz
and
Davis (1973) found no stimulation by CMOS of the growth of Anabaena,

Microcystis, Selenastrum and Navicula, is not conclusive. It is
the effect of
CMOS in such waters as Hamilton Harbour that needs testing -- i.e.,
eutrophic
systems relatively high in metals.

Finally, CMOS at concentrations up to 50 mg/L (2 x 10'3M) seems not
to

be detrimental to Daphnia, even over periods of 3 weeks (Lever,
1977).

an effect on algae through diminished grazing is unlikely to be evident
.

Thus,

In summary, although laboratory experience with CMOS sugges
ts little
potential for eutrophication, the possible formation of
long lasting chelates
indicates the need for studies under more natural conditions
where metal
interactions may be of greater importance.
CMT

CMT is similar to citrate and CMOS in the way in which it
might affect
algal populations. Wastewater concentrations, at maxim
um would be about 12

mg/L (5 x 10-5M) (Monsanto, 1978).

The addition of inorganic carbon to

natural waters from its use would probably be unimportant.
The expected
concentration of the builder in receiving waters, assumi
ng 90% degradation
during treatment, and 10-fold dilution, could be
in the order of 0.1 - 0.2

mg/L (4-8 x 10'7M).

This concentration could be sufficient for
stimulation of heterotrophic algal growth but no direct
information is

available.

The fact that as little as 0.3 mg/L (lO'SM) stimulated

Selenastrum capricornutum in the absence and prese
nce of EDTA (Monsanto,
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1978), would indicate possible heterotrophic uptake by this alga. As in the
case of citrate, at the low levels expected, copper is likely to be the metal
chelated predominantly, and the effect of CMT thus is likely to mimic that of
citrate in this regard.

The complexes formed are not strong and CMT does not

have as great a "protective" capacity as have NTA and EDTA. This makes it
even more likely that the stimulation of Selenastrum growth in AAP medium
(U.S. EPA, 1971) may have resulted from its heterotrophic uptake rather than
from its relieving Selenastrum of copper or other metal inhibition.

other hand, additions of up

0n the

to 16 mg/L (10 M) of carboxymethyltartronate

to large (1135 L) polyethylene enclosures filled with lake water resulted in
no significant increases in algal abundance (Grisamore and Jones, 1978).
The effect of CMT on Daphnia is unusual.

The LC 502

is high

- about

1000 mg/L (4 x 10-3M) -- but at lower concentrations of 50-150 mg/L (2-6 x
10' M) there seems to be an enhancement of reproduction (Monsanto, 1978).
This may or may not be direct i.e., it is possible that CMT tends to increase
the food resources of the adults or of the young by stimulating bacterial
growth.

In any event the effective concentrations are very far above those
likely in the environment.

In summary, the limited evidence available suggest that use of CMT is
unlikely to result in increases in abundance of algae.

SUMMARY

1.

Use of CMT is unlikely to result in increased abundance of algae in
receiving waters.

2.

Neither CMOS nor citrate is likely to cause increased abundance in algae
except in situations where the algae are inhibited in heavy metals.

Under

some circumstances complexation of the metals by the builders could
relieve the algae from the inhibition.
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This is true especially for CMOS.

" 1333 "

Barker, H.A.

Kruger.

1935.

The metabolism of the colorless alga Prototheca zopfij

J. Cell. Comp. Physiol. Zg73 93.

Belcher, J.H. and G.E. F099.

pure

culture. III.

1958.

Studies on the growth of Xanthophyceae in

Tribonema aeguale Paschev. Arch. f. Mikrobiol.

Belcher, J.H. and J.D.A. Miller. 1960.
in pure culture.

IV.

§Q:517-22.

Studies on the growth of Xanthophyceae

Nutritional types

among the Xanthophyceae.

Arch. f.

Mikrobiol. §§;219-228.
Burt, J.

1969.

Observations on photoheterotrophy in a marine diatom.

J.

Phycol. 5:37-42.
Carefoot, J.R.

1968.

Culture and Heterotrophy of the freshwater

dinoflagellate Peridinium cinctum fa. ovoplanum.
Cramer, M. and J. Myers.

1952.

Euglena gracilis.

f. Mikrobiol.

Droop, M.R.

marina.
Eny, D.M.

Arch.

1959.

z605-620.

'

Respiration studies on Chlorella.

1951.

Plant. Physiol.

Plant. Physiol.

Glooschenko, H.A. and J.E. Moore.
phytoplankton in Lake Ontario.
environmental chemistry".

1952.

I.

Growth studies with

26:478-495.

'

Respiration studies on Chlorella.

organic acids on gas exchange.

Goldberg, E.D.

12g384-402.

Water-soluble factors in the nutrition of Oxyrrhis

acid intermediates.
Eny, D.M.

. :129+131.

Growth and photosynthetic characteristics of

J. Mar. Biol. Assoc. U.K.
1951.

J. Phycol.

1973.

II.

Influence of Various

26:268-289.

The effect of citrate on

In, G.A. Glass, ed. "Bioassay techniques and

Ann Arbor Science.

Iron assimilation by marine diatoms.

Biol. Bull. Woods

Hole lggg243-248.

68
\\

W

Z

mfw

REFERENCES

j.

Grisamore, 5.8. and J.R. Jones.

1978.

An evaluation of a phosphorus-free

detergent builder in polyethylene enclosures.

A report on

carboxymethyltartronate (CMT) to Monsanto Company.
Horne, A.J. and C.R. Goldman.

1974.

Mimeo 130 pp.

Suppression of nitrogen fixation by

blue-green algae in a eutrophic lake with trace-additions of copper.
-

Science

1§§:409-411.
Khomenko, A.N., I.A. Goncharova, A.G. Stradomskaya.

1969.

Chromatographic

determinations of nonvolatile organic acids dissolved in natural

waters.

Gidrokhim. Mater. §Qg96-101.
Klein, S.A. and D. Jenkins.

1972.

The fate of carboxymethyloxysuccinate in

septic-tank and oxidation pond systems.

SERL Report No. 72-10.

Sanitary

Engineering Research laboratory, University of California, Berkeley.
Lerman A. and c.w. Childs.

1973.

Metal-organic complexes in natural waters:

control and distribution of thermodynamic, kinetic and physical factors.
P.C. Singer, ed.
waters.

In,

"Trace metals and metal organic interactions in natural

Ann Arbor Science.

Lever Brothers Company, 1977.

CMOS - An Empirical Isomer of citric acid for

use as a detergent builder - report on its safety and environmental impact,
presented to the IJC Task Force on the Ecological Effects of Non Phosphate
Detergent Builders.
Lewin, J.C.

1953.

Heterotrophy in diatoms.

J. Gen. Microbiol. 9:305-313.

Miles Laboratories, Inc., Pfizer, Inc., and Procter and Gamble Co. 1977.
environmental safety of citrate.

The

Presentation to the IJC Task Force on the

Ecological Effects of Non-Phosphate Detergent Builders.
Builder M, environmental and

l

human safety, presented to the IJC Task Force on the Ecological Effects of

i

Monsanto Industrial Chemicals Company, 1978.

NoniPhosphate Detergent Builders.

69

1

More], F., R.E. McDuff and J.J. Morgan.

in aquatic chemicaI systems:
In, P.C. Singer, Ed.
waters".

1973.

Interactions and chemostasis

roTe of pH, pE, soiubiTity, and compTexation.

Trace metaIs and metaI-organic interactions in naturaT

Ann Arbor Science.

Payne, A.G.

1973.

stimuTation.
Rodhe, w.

Environmental testing of citrate:

Proc. 16th Conf. Great Lakes Res.:

1948.

bioassays for aTgae

100 115.

Environmentai requirements of freshwater aIgae.

Symb. Bot.

UpsaT. 19:1-149.
ScheTske, C.L.

1962.

Iron, organic matter, and other factors Timiting

primary productivity in a marI Take.
Schindler, D.w.

1974.

Eutrophication and recovery in experimentaI Takes:

impiications for Take management.
Schwartz, A.M. and A.E. Davis.

1967.

1973.

The avaiTabiIity of iron to aIgae:

In, Goiterman and CTymo, Eds.

Shapiro, J.

Science 1§3:897 899.

The deveTopment of phosphate-free heavy
EPA Report EPA-R2, Dec. 1973.

duty detergents.
Shapiro, J.

Science 1§§:45 46.

preIiminary studies.

"Chemical Environment in the Aquatic Habitat".

1969.

Iron in naturaI waters -- its characteristics and
bioTogicaT avaiTabiIity as determined with the ferrigram. Verh. Internat.

Verein. LimnoI.
Shapiro, J.

Restoration:

Shapiro, J.

17g456-466.

1978.

The need for more bioIogy in Take restoration.

Proceedings of a NationaI Conference".

In "Lake

EPA 440/5 79-001.

1979.

The importance of trophic-Tevei interactions to the
abundance and species composition of aTgae in Takes. Presented at SIL
Workshop on Hypertrophic Ecosystem, Vaxjo, Sweden, Sept. 1979.
U.S.EPA.

1971.

ATgaT assay procedure bottTe test.

Research Program, USEPA, CorvaIIis, Oregon.

70

NationaT Eutrophication

Wetzei, R.G.
Woife, M.

1975.

Limnoiogy.

w.B. Saunders Co.

743 pp.

1954.

The effect of moiydenum upon the nitrogen metaboiism of
Anabaena cylindrica.
II. A more detaiied study of the action of molybdenum
in nitrate assimiiation.

Ann. Bot. (Lond.).

Yeisiey, w.G. and I.M. Wiiiiams.

1972.

l§:309-325.

The effect of

carboxymethyioxysuccinic acid (CMOS) on eutrophication as determined by the
algal assay procedure:

bottie test.

Research Center, Edgewater.

Internai report #72-0026, Lever Brothers

APPENDIX

SEVENTH MEETING
OF THE

GREAT LAKES RESEARCH ADVISORY BOARD
TASK FORCE 0N

ECOLOGICAL EFFECTS ON NON-PHOSPHATE DETERGENT BUILDERS
Her at the Ramada O'Hare Inn
Chicago, ITTinois
January 11, 1978
Members

J. Shapiro
A. Spacie
C.R. O'Meiia
P.J. Chapman
B. Fairiess

University of Minnesota
Purdue University
University of North CaroTina
University of Minnesota
U.S. EPA, Region V

Representing Soap & Detergent Assoc.
F. Kennedy

Continentai OiT Company

Invitees

C. ScheTske
R.L. Lowe

University of Michigan
BowTing Green State University

w. GTooschenko
A.E.P. Watson
P. KiTham
T. Johnson

Canada Centre for InTand Waters
IJC Great Lakes RegionaT Office
University of Michigan
University of Minnesota

F.T. Mackenzie

Northwestern University

Secretary

D.R. Rosenberger

IJC Great Lakes RegionaT Office

74

r

EIGHTH MEETING

OF THE
GREAT LAKES RESEARCH ADVISORY BOARD'S
TASK FORCE ON

ECOLOGICAL EFFECTS OF NON-PHOSPHATE DETERGENT BUILDERS

.

Held at the IJC RegionaI Office
Windsor, Ontario

March 10, 1978

Members

J. Shapiro
C.R. O'MeIia
R. Dick
P.J. Chapman
K.L.E. Kaiser
A. Spacie
B. FairIess

University of Minnesota
University of North CaroIina
CorneII University
University of Minnesota
Canada Centre for InIand Waters
Purdue University
U.S. EPA, Region V

Representing Soap & Detergent Assoc.

F. A. Brownridge
F. Kennedy

Procter & GambTe Inc.
Continentai OiI Company

Invitees

J.M. Weaver
E. Mones
M.H. Kurtz
V. Lamberti
W. GIedhiII
J. WeIch

Lever Brothers Company
Lever Brothers Company
Lever Brothers Company
Lever Brothers Company
Monsanto Company'
U.S. EPA

Observers

F. Conrad
A.E.P. Watson
T.H. Dexter
L. Centofani

EthyI Corporation Company
IJC Great Lakes RegionaT Office
Hooker Chemicals
Monsanto

Secretary

D.R. Rosenberger

IJC RegionaI Office

75

NINTH MEETING

OF THE
GREAT LAKES RESEARCH ADVISORY BOARD'S
TASK FORCE ON
ECOLOGICAL EFFECTS OF NON-PHOSPHATE DETERGENT BUILDERS
Her at the Ramada O'Hare Inn
Chicago, ITTinois

April 27, 1978

Members
J. Shapiro

University of Minnesota

R. Dick
A. Spacie
C.R. O'MeTia
K.L.E. Kaiser
B. FairTess

CorneTT University
Purdue University
University of North CaroTina
Canada Centre for InTand Waters
U.S. EPA, Region V

P.J. Chapman

University of Minnesota

Representing Soap & Detergent Assoc.
F. Kennedy
F. A. Brownridge

ContinentaT OiT Company
Procter & GambTe Inc.

Secretary
D.R. Rosenberger

IJC Great Lakes RegionaT Office

76

_

1
TENTH MEETING
OF THE
GREAT LAKES RESEARCH ADVISORY BOARD'S
TASK FORCE 0N
ECOLOGICAL EFFECTS OF NON-PHOSPHATE DETERGENT BUILDERS
Held at the Ramada Inn
Sharonville, Ohio
September 26-28, 1978

Members
IDOC...

. Shapiro
.R. O'Melia
. Spacie
K .L.E. Kaiser
P .J. Chapman
R . Dick
B . Fairless

University of Minnesota
University of North Carolina
Purdue University
Canada Centre for Inland Waters
University of Minnesota
Cornell University
U.S. EPA, Region V

Representing Soap & Detergent Assoc.
F. Kennedy
F. A. Brownridge

Continental Oil Company
Procter & Gamble Inc.

Invitees
R.K. Lehne

w.D. Hopping

R.N. Sturm'

K. Savitsky
L.w. Beck
A.w. Maki

Church & Dwight
Procter & Gamble
Procter & Gamble
Procter & Gamble
Procter & Gamble
Procter & Gamble

Company
Company
Company
Company
Company

FLFU

. Weidenhammer

.G. Payne
HID

.E. Tuvell
. w. Rees

. Hopping

. Wiers
Cook
Bunch
Weaver
: Beck

ZZCI

lWZIZZDCD

Observers

Union Carbide Corporation
Procter & Gamble Company
Ethyl Corporation
Ethyl Corporation
Procter & Gamble
Procter & Gamble Company
Procter & Gamble Company
U.S. EPA, Ohio
Lever Brothers
Procter & Gamble Company

Secretary

D.R. Rosenberger

K

\

IJC Great Lakes Regional Office

77

"

ELEVENTH MEETING
OF THE
GREAT LAKES SCIENCE ADVISORY BOARD'S
TASK FORCE ON
ECOLOGICAL EFFECTS OF NON-PHOSPHATE DETERGENT BUILDERS
Heid at the Ramada O'Hare Inn

Chicago, Iiiinois
December 1, 1978

Members

C.R. O'Meiia
P.J. Chapman
A. Spacie

G.H. Adams, Jr. for
B. Fairiess
R. Dick

University of North Carolina
University of Minnesota
Purdue University
U.S. EPA, Region V
Corneii University

Representing Soap & Detergent Assoc.
F.A. Brownridge
F. Kennedy

Procter & Gambie Company
Continentai Oil Company

Secretary

D.R. Rosenberger

IJC Great Lakes Regionai Office

78

%
TNELFTH MEETING
OF THE
GREAT LAKES SCIENCE ADVISORY BOARD'S
TASK FORCE ON THE

>

ECOLOGICAL EFFECTS OF NON-PHOSPHATE DETERGENT BUILDERS
Held at the U.S. EPA Office
Washington, D.C.
March 6-7, 1979

Members
J. Shapiro
P.J. Chapman
C.R. O'MeIia
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THIRTEENTH MEETING
OF THE
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TASK FORCE 0N
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ApriT 24, 1979
Members
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Secretary
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TERMS OF REFERENCE
INTERNATIONAL JOINT COMMISSION - GREAT LAKES SCIENCE ADVISORY BOARD
TASK FORCE ON ECOLOGICAL EFFECTS OF
NON-PHOSPHATE DETERGENT BUILDERS

Eutrophication of the Great Lakes remains one of the serious problems to

which the Great Lakes Water Quality Agreement is addressed. Phosphorus has
been acknowledged to be the nutrient limiting algal growth and, for this

reason, programs to control the input of phosphorus are presented in Annex 2

of the Agreement.

A significant proportion of the phosphorus entering the Great Lakes is due

to phosphates discharged from municipal sewage treatment plants. Therefore,
the Agreement specifies that waste treatment facilities shall be constructed
and operated to remove phosphorus from municipal sewage.
The Annual Report of the Water Quality Board and the Final Report of the

Upper Lakes Reference Group both presented at the July 1976 meeting of the

International Joint Commission addressed the questions of phosphorus discharge
from municipal wastewater treatment plants. As a significant proportion of
the phosphorus in sewage arises from detergent usage both reports recommend
limitations on the phosphorus content of detergents.

As such a ban or limitation on phosphates in detergents will require

alternative builder compounds and/or levels to be utilized, relevant

ecological information regarding the effects of such materials must be

gathered and interpreted to permit the Commission to evaluate the potential
consequences of such detergent reformulation based upon the best available

scientific information. To provide this information the Science Advisory
Board should review the information on ecological effects of non-phosphate
detergent builders in present use.
To provide this information the Task Force will:

1.

Review and summarize the research findings on detergent builder

2.

Identify areas of research in which there are gaps in our knowledge

3.

alternatives to phosphate.

relative to the effects of potential alternate builder materials.

Report to the Science Advisory Board on the adequacy of studies

pertaining to these materials and identify both these materials

which, based on present information, are judged to be ecologically
acceptable and those which are not.

8l

The Task Force will consider:

1.

Expected discharge levels and the extent to which ambient

concentrations will be increased.

2.

Effects on the sewage treatment process.

3.

Biodegradation and physicochemical transformation.

4.

Expected or known degradation products with special reference to the
more stable ones.

5.

Toxicity to biota.

6.

Chelation of trace metals and mobilization of metals.

When used in appreciable quantities, all types of detergent builders can
potentially effect the ecosystem of the Great Lakes. Upon completion of its
review of the ecological effects of non-phosphate detergent builders, the Task
Force will compare the types and extent of impacts expected with the use of
non-phosphate builders to that of phosphorus.
MEMBERSHIP
Task Force members should include an aquatic biologist, an aquatic

toxicologist, an environmental chemist, a modeler, and a waste treatment

engineer. To provide necessary liaison with the industry a non-voting member
should represent the U.S. and the Canadian Soap and Detergent Associations.
Persons selected to serve on the Task Force should be knowledgeable regarding
both the open literature and the report literature. To provide the most
adequate evaluation and report, scientific information input should be
solicited from both government and industry.
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MEMBERSHIP LIST

TASK FORCE MEMBERS
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Dr. Peter J. Chapman
Department of Biochemistry
University of Minnesota
St. Paul, Minnesota

Dr. Richard Dick
J.P. Ripley Prof. of Engineering
Cornell University
Ithaca, New York

Representing Soap and Detergent
Association, New York
Dr. Flynt Kennedy
Manager, Chemical Research

Research and Development Department
Conoco Inc.
Ponca City, Oklahoma

Dr. Charles R. O'Melia
Professor of Environmental Sciences

Representing Environment Canada
Dr. K.L.E. Kaiser
Environmental Contaminants Division
Canada Centre for Inland Waters
Burlington, Ontario

Dr. Ann Spacie

Representing U.S. Environmental
Protection Agency
Ms. Justine Welch

and Engineering
University of North Carolina
Chapel Hill, North Carolina
Department of Forestry and
Natural Resources

Purdue University
West Lafayette, Indiana

Mr. David R. Rosenberger (Secretary)
International Joint Commission
Great Lakes Regional Office
Windsor, Ontario

Hazard Assessment Group
Office of Toxic Substances

U.S. Environmental Protection Agency

Washington, D.C.

Representing U.S. EPA, Region V
Dr. William Fairless
Central Regional Laboratory
U.S. Environmental Protection Agency
Chicago, Illinois

International Joint Commission

Great Lakes Regional Office
100 Ouellette Avenue
Eighth Floor
Windsor. Ontario
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